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INTRODUCTION 
During the past ten years the diatom flora or Iowa has 
been investigated intensively, with primary support from the 
Federal Water Pollution Control Administration under a grant 
entitled "Ecology of Diatoms in Hardwater Habitats". The 
several doctoral dissertations which have resulted involved 
a wide variety of habitats. Stoermer (1963) investigated 
the diatom flora of Lake West Okoboji. Drum's dissertation 
(1964) dealt with the ecology of diatoms in the whole of 
the Des Moines River while Gudmundson (I969) investigated 
those diatoms found in the plankton of this river which will 
shortly be impounded in the Saylorville Reservoir. Fossil 
diatoms from two different habitats were investigated by 
Collins (1968). The diatoms of Iowa farm ponds were investi­
gated by Ohl (1965) and Shobe (196?) studied the diatom 
communities of the Skunk River. The list of habitats 
investigated in Iowa includes a large lake, two major rivers, 
farm ponds, a fen (Shobe, Stoermer, and Dodd 1963), a sub-
aerial habitat (Dodd and Stoermer 1962) and a small creek 
(Pee 1967). One major aquatic habitat previously uninvesti­
gated in Iowa is the drainage ditch. 
The central part of Iowa was largely a wet prairie when 
it was first explored by white men in the early 19th century. 
niVio -f*r>T T n(T riVisor'Tra rmn f.hA nnnntv" encrineer 
on Warren Township, Story County prior to the time that it 
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was drained (Warren 3^ drain record 1909-1912): The drainage 
district embraces about 2,000 acres, a large portion of which 
is low, wet, swampy, and generally unfit for agricultural 
purposes with assurance of regular crops. To make agri­
culture more feasible much of the land was drained by means 
of sunken tile lines and open drainage ditches. These 
drainage systems not only serve to drain the marshes but 
also help to shunt excess precipitation from the fields into 
the larger streams. The drainage ditch represents a new 
aquatic environment in central Iowa about which little is 
known of an ecological nature. In Story County alone there 
are over 105 kilometers of open drainage ditches (personal 
communication with Russel Krieg, Story County Engineer). 
Willrich (I969) investigated some of the properties of 
tile drainage water from the Clarion-Nicollet-Webster soil 
association area of north central Iowa in Story County. He 
measured such factors as ammonia nitrogen, nitrite nitrogen, 
nitrate nitrogen, phosphate, potassium, total hardness, total 
alkalinity, specific conductance, and chemical oxygen demand. 
He found that nitrogen and phosphate concentrations in the 
water increased as the commercial nitrogen or phosphate 
fertilizer application increased. Practically all of the 
nitrogen was in the nitrate form. 
Although the diatom flora of drainage ditches in agri­
cultural land has not been intensively studied previously, 
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this habitat has some properties in common with hablLaLu or 
other florlstic-ecological studies, particularly small 
calcareous streams and hardwater springs. 
Whitford (1956) found current to be Important in 
constantly renewing minerals and gases to the algae of the 
hard, fresh-water Florida springs. The most important 
community was a lotie "aufwuchs" community in which five 
species of diatoms were dominant. These were Cocconeis 
placentula, Synedra ulna, Achnanthes lanceolata, Gomphonema 
longiceps and Gomphonema sphaerophorum. 
Whitford and Schumacher (1963) found diatoms to be the 
most Important group of algae in the small North Carolina 
streams that they investigated. 
Mclntire (1966) studied the effects of current velocity 
on laboratory streams by diverting the water of a small 
stream. He found Achnanthes lanceolata to be one of the 
first taxa to colonize such laboratory streams and discusses 
those taxa which were tolerant of current in his study. 
Poged (1947a, 1947b, 1948a, and 1948b) has intensively 
studied the ecology of diatoms in a series of small Danish 
streams. One of the streams, the Lindved Brook, has been 
straightened in some areas and takes on the appearance of 
a drainage ditch in these stretches. Items from his vast 
accumulation of ecological data are cited in several areas 
in the ecological section of this dissertation. 
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Butcher performed several classical investigations on 
the ecology of river algae and many of his observations on 
diatoms are pertinent to this study. In his investigation 
on the growth and distribution of sessile algae (1940) he 
discusses the ecology of Achnanthes minutissima and 
Cocconels placentula. In a later investigation (1947) on the 
ecology of algae in organically enriched waters Gomphonema 
parvulum and Nltzschia palea were found to be the most 
important diatoms in the polysaprobic zone. 
Douglas (1958) investigated the ecology of the attached 
diatoms of a small stony stream. She found current to be 
an important factor in the density of the diatoms. 
Blum (1954) found Diatoma vulgare and Gomphonema 
olivaceum to be the two most important diatoms in the winter 
diatom communities that he investigated in Michigan streams. 
In the following study I have attempted to measure some 
of the physical and chemical factors of the environment, 
define the diatom flora of the drainage ditch, and describe 
the relationship between the two. 
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MATERIALS AND METHODS 
Description of Study Area 
The three drainage ditches involved in this study are 
part of a system of drainage ditches in northeast Story 
County, Iowa, R-22W, T-85N, section 27. The drainage system 
of this area is shown in Figure 1. The eastern most ditch, 
which will be called ditch 1, drains lands to the northeast 
of the ditch by means of underground tiles. These tiles 
drain into a main tile which emerges from the ground to form 
the open ditch. The land drained by this tile is entirely 
agricultural with no large feed lots. An old lakebed 
approximately 500 meters long is drained by this system. 
This lakebed is now in agricultural production but standing 
water may be observed there after extremely heavy rains. 
Approximately 300 meters to the west of where ditch 1 begins, 
a second tile emerges from the ground to form another drain­
age ditch that will be called ditch 2. This ditch drains 
the lands directly to the north and it is again largely 
agricultural. The small town of McCallsburg lies approxi­
mately two miles north of ditch 2. Several residents in 
this area have private tile lines running into the main 
tile that carry the overflow effluents from their septic 
tanks. One private tile line that seems to be a particularly 
water entering ditch 2 is dissimilar to that in ditch 1 
Figure 1. The tile drainage system south of McCallsburg in 
Warren Township, Story County, Iowa. The three 
sampling stations are numbered on the open 
ditch 
county tile lines 
private tile lines 
——drainage ridges and dry lake beds 
drainage ditch 
.oi/ne; 
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because of the addition of the organic load from these 
private tiles. This is particularly true when school is 
in session. Ditches 1 and 2 flow together at a point about 
500 meters from their sources. The combination of these 
two ditches, which eventually flows into East Indian Creek, 
is designated as ditch 3. In the spring of 1969, three 
collecting stations were established. Stations 1 and 2 are 
about 100 meters from the sources of ditches 1 and 2 respec­
tively. Station 3 is about 50 meters from the confluence of 
ditches 1 and 2. The ditches at these stations are approxi­
mately a meter in breadth with an average water depth of from 
10 to 25 cm. The bottoms of the three stations are similarly 
gravelly with an overlayer of silt the density of which varies 
with stream flow. At each sampling station, one end of an 
L-shaped iron, concrete reinforcement rod, about 2 cm in 
diameter, was driven one or two meters into the soil next to 
the ditch. The other part of the L section was positioned 
horizontally, about I5 cm over the surface of the water and 
spanning the breadth of the ditch. Various sampling devices 
were attached to these rods. 
Field Sampling Procedures 
In 1967 and 1968 many diatom samples were collected 
from all three ditches. Pour sampling methods were employed 
during this Initial sampling period. 
1. Diatoms were pipetted from benthic areas. 
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2. Rocks and other submerged objects were scraped. 
3. Filamentous algae were squeezed in order to 
collect epiphytic diatoms. 
4. Glass microscope slides were placed in plexiglass 
slide holders which rested on the ditch bottom. 
The slides were stripped periodically of the diatoms 
growing on them. 
All of these samples were investigated qualitatively to 
determine what species were present and in which habitats 
they occurred. 
Starting in the spring of 1969 diatoms were collected 
at all three stations by means of a Catherwood diatometer. 
This device, first described by Patrick et al. (1954), was 
used to standardize collection methods among stations. The 
diatometer (Figure 2), which has been modified since its 
original conception, consists of a plexiglass microscope 
slide holder (A), a plexiglass deflector (B) which orients 
the device properly in the stream and protects the slides 
from floating objects, styrofoam floats (c), a brass rod (D) 
which serves for support and ballast, and a nylon cord (E) 
by which the diatometer is tied to the iron rod at each 
station. Glass microscope slides placed in the diatometer 
serve as a substrate for diatom attachment and growth. Each 
slide was exposed in the diatometer for two weeks, the 
exposure period recommended by Patrick et al. (1954). Weekly 
Figure 2. The Catherwood dlatometer (explanation In text) 
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samples were collected in this manner from May 9, 19^9 
through October 31, 1969. During this period three sample 
slides were lost during high water periods in early June. 
During the week of October 31 the dlatometers at stations 2 
and 3 were destroyed by gun blasts, after which a new sampling 
method was Initiated using styrofoam as a substrate for diatom 
growth. Hohn and Hellerman (1963) found that styrofoam would 
support a flora representative of the stream as well as glass 
and in water 3° C or cooler the sample from a styrofoam 
substrate was more representative. The styrofoam sampler 
used in this study was a sphere 2.5 cm in diameter through 
which a small hole had been bored. One end of a segment of 
nylon, monofilament, fishing line about 1 meter in length 
was passed through the hole and tied around the sphere. The 
other end of the line was tied to the iron stake at each 
station. A lead fishing sinker was placed strategically on 
the line so that the styrofoam sphere was submerged at a 
depth of 1 to 3 cm. These were also exposed for two weeks 
and weekly samples were collected from November 7, 1969 to 
May 1, 1970. During this sampling period of a year mechanical 
collections from natural substrates were taken periodically. 
Specimen Preparation 
In order to prepare diatoms for initial microscopic 
examination they must be cleaned. This Is a process that 
destroys all of the diatom except for the siliceous cell wall. 
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The diatoms adhering to a diatometer slide were gently 
scraped into a 1000 ml beaker and approximately 100 ml of 
30 percent HgOg was added. About 24 hours later a heaping 
micro-spatula of KgCrgOy was added initiating a violent, 
exothermic reaction. When the solution containing the 
sample cooled it was transferred to a tall 200 ml beaker. 
After a six hour settling period it was decanted and glass 
distilled water was added to dilute the yellow dichromate 
ion. This decanting operation was repeated, with a minimum 
six hour settling time, until the sample was colorless. This 
cleaning technique is a modified version of the one described 
by Van Der Werff (1955). 
The styrofoam spheres were dissolved in xylene in 200 
ml tall beakers, and the diatoms were allowed to settle to 
the bottom. The beakers were decanted and filled with xylene 
three times with six hour settling periods, to get rid of 
the styrofoam. The beakers were then filled and decanted 
three times with 95 percent ethyl alcohol to rid the sample 
of xylene after which three more décantations were made with 
distilled water. This is a modified version of the pro­
cedure described by Hohn and Hellerman (1963). Prom this 
point on the samples were treated with 30 percent HgOg as 
described above for diatometer samples. 
in the following manner. The volume of water in which the 
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cleaned diatoms were dispersed was measured in a graduated 
cylinder and a measured subsample was removed with a 
medicine dropper while the sample was being agitated to 
keep the diatoms in uniform suspension. The subsample was 
placed in a clean shell vial and additional drops of distilled 
water were added to bring the volume to 1 ml (20 drop = 1 ml). 
This diluted suspension was then transferred to a clean 
22 X 22 mm, #1 coverslip and dried with gentle warming. It 
was then subjected to about 2^0° C for a few minutes to 
drive off the remaining water and inverted on a drop of Hyrax 
mounting medium (R. I. I.65) on a glass slide and heated to 
evaporate the solvent. The slide was then allowed to cool, 
and was labeled. 
In following the above dilution procedure I was able to 
transfer a known portion of the original sample to a micro­
scope slide. If the diatoms were too dense or too sparse 
for microscopical examination the size of the subsample was 
altered. In the following manner 5OO valves were counted 
and identified from each of the weekly samples. A starting 
place was determined on each slide by a system of random 
numbers. The slide was then moved horizontally and the first 
500 valves encountered were identified and recorded. The 
proportional area covered by this count was determined and, 
* « J J ^ ^ ^ ^ ^ 1 m * ^ XX ^ ^ T * ^ O C N T 00 IICUIAI-'WX WO. V C*» JU V FC-» J. 
the total per sample may be estimated. Applying ratios 
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derived from the species counts and the 500 total, permits 
similar estimates for the individual species. 
The slide was then observed in a random pattern in 
search of rare or uncommon species. 
Chemical and Physical Measurements 
The following weekly measurements were made using a 
Each DR Colorimeter (Each Chemical Co., Ames, Iowa): ammonia 
nitrogen, nitrite nitrogen, nitrate nitrogen, ortho-phosphate, 
silica and sulfate. Chloride and chemical oxygen demand were 
measured weekly and alkalinity and hardness were measured 
every two months according to the techniques described in 
Standard Methods (1965). All samples for chemical analysis 
were brought back to the laboratory and analyzed within a 
few hours. The samples from June 20 through August 15 were 
collected by P. M. Begres (Department of Botany, Iowa State 
University) and frozen by the method proposed by Strickland 
and Parsons (1948) for later analysis. By measuring the 
current, with a Kahlisco model 23WA200 low speed current 
meter, and measuring the depth of water in the culvert an 
estimate of the weekly flow was obtained. Water temperature 
was also measured weekly. On June 25, 1970 dissolved oxygen, 
pH, and temperature were measured every four hours for a 
period of 24 hours. 
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RESULTS AND DISCUSSION 
Physical and Chemical Data 
Oxygen 
The results of the diurnal oxygen investigation on 
June 25-26, 1970 varied from station to station (Figure 3). 
At station 1 the dissolved oxygen remained close to the 
saturation level for the 24 hour sampling period with a 
slight supersaturation during the daylight hours and a level 
slightly below saturation at night. At station 2 the dis­
solved oxygen remained below the saturation level for the 
full 24 hour sampling period and during the early morning 
hours the water was only 55 percent saturated with oxygen. 
Station 3 was much like station 1 with a slight supersatura-
tion of oxygen during the day and a slight subsaturation at 
night. 
Alkalinity 
The total alkalinity at station 1 averaged 262 ppm with 
a range from 254 to 272 ppm. Phenolphthalein alkalinity was 
recorded only once and was 28 ppm. At station 2 the total 
alkalinity ranged from 260 to 340 ppm with an average of 
293 ppm. Phenolphthalein alkalinity was observed only 
once, 18 ppm. At station 3 the average was 267 ppm and the 
range was from 238 to 288 ppm. No phenolphthalein alkalinity 
was observed. 
There were no great pH differences observed between 
Figure 3. Dissolved oxygen at stations 1, 2, and 3 in a 
24 hour period on June 25-26, 1970 
dissolved oxygen saturation level 
dissolved oxygen 
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stations and the pH was in the alkaline range at all times. 
The extremes were 7.4 and 8.5. 
Total hardness 
The water is very hard in all three ditches, as is 
common of most Iowa waters. The average total hardness at 
stations 1, 2, and 3 was 370, 342, and 346 ppm as CaCOg 
respectively. The minimum and maximum values were observed 
at station 2, 206 and 458 ppm. 
Flow rate 
The flow from the two source culverts was quite variable 
in the course of a year. During the spring and early summer 
the flow varied depending on the local precipitation. In 
one two week period, from June 6 through June 20, the flow 
in ditch 1 increased from 590 cm^/sec to 480,000 cm^/sec and 
then decreased again to 450 cm^/sec. Such rapid rises and 
falls and others like it occurred after particularly heavy 
local rains. Ditch 2 showed a similar, but much smaller, 
reaction. During the spring and summer period of fluctuating 
flow most measurements ranged from 200 to 1000 cm^/sec for 
both outlets. In late summer the flow became quite low from 
both culverts and reached a minimum on August 8, 40 cm^/sec 
O 
at ditch 1 and 60 cm /sec at ditch 2. Stream flow in winter 
was too low for accurate measurement and remained at low 
levels until the spring thaw of 1970. 
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Temperature 
The air temperature had a greater effect on the water 
temperature at station 3 than at stations 1 and 2 (Figure 4). 
These two stations were closer to the outlets of the drain­
age culverts and the water temperatures were therefore not 
as greatly modified by air temperature. The water at 
station 3 warmed up faster in the spring and cooled faster 
in the fall. This station also displayed the highest water 
temperature recorded, 24° on August 8, as well as the thickest 
ice cover in the winter. In one period in January and 
February sampling at this station had to be temporarily 
discontinued because the ditch was frozen from top to 
bottom. The water at stations 1 and 2 remained relatively 
cool throughout the summer with a maximum temperature of 
19°. These two stations also had a much thinner ice cover 
in January and February. 
Temperature seems to have had an effect on the time at 
which density pulses were observed for some species as will 
be discussed in the ecological section. 
Nitrate nitrogen 
At station 1 NO^-nitrogen was slightly more abundant 
in the spring and early summer than in winter (Figure 5). 
The spring runoff from the surrounding fields may account 
for this. A maximum of about l6 ppm was observed on June 20 
and a minimum of 5 Ppm was recorded on November 14. At 
Figure 4. Temperature at stations 1, 2 ,  and 3 in degrees C 
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Figure 5. Nitrate-nitrogen in ppm at stations 1, 2 ,  and 3 
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station 2 levels of NO^-nitrogen were similar to those at 
station 1 in the spring and simmer. The concentration, how­
ever, dropped sharply in mid-August and remained at quite 
low levels through the fall and winter. This drop in NO3 
nitrogen coincides with the time that the McCallsburg school-
house facilities were beginning to be used for the 1969-197O 
school year. The increased organic load and the low volume 
of flow through the fall and winter led to extreme reducing 
conditions at station 2 and most of the nitrogen was in a 
reduced state. The maximum and minimum values for NO3 nitrogen 
at this station were about 17 and 0.3 ppm on May 30 and Janu­
ary 9 respectively. The NO3 nitrogen concentration at station 
3 displayed a late summer drop also but no;, as severe as the 
drop at station 2. The maximum concentration at station 3 
was the highest one observed, 19 ppm on May 30. The minimum 
was 3.5 ppm on December 26. 
Nitrite nitrogen 
At station 1 levels of this form of nitrogen ranged 
from 0 to 0.034 ppm (Figure 6). Although it was very low 
all year round, the concentration did show a slight increase 
when ice cover was present. At station 2 higher levels of 
NOg-nitrogen were present and concentrations ranged from 
0.022 to 0.340 ppm. This maximum occurred on August 22. 
The greatest concentrations of N02-nitrogen were observed 
at station 3. A maximum of O.565 ppm was observed on 
Figure 6. Nitrite-nitrogen in ppm at stations 1, 2, and 3 
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October 3. This probably represents the partial oxidation 
of organic nitrogen from ditch 2. As organic pollution 
became more severe at station 2 the nitrogen was not 
oxidized by the time it reached station 3 as evidenced by 
the decreasing NOg levels and the Increasing NH^  levels. 
Ammonia nitrogen 
The NHg-nitrogen levels at station 1 were quite low all 
year (Figure 7). The concentration was never over 0.4 ppm 
and was usually between 0 and 0.3 ppm. At station 2 the 
concentration remained below 3 ppm until August 29 when con­
centrations increased radically. Again, this is the time 
of the increased organic load introduced from the school. 
The concentration reached a maximum of 23.7 ppm on January 23. 
As the flow of water increased with the spring thaw the NH^  
concentration decreased sharply. Station 3 displayed a 
pattern similar to that at station 2. The time of rising 
NH^ -nitrogen levels in the fall was nearly identical the 
difference being the lower concentrations at station 3. 
When one looks at all three forms of nitrogen at station 2 
the effect of the organic load becomes clearer. In the 
spring most of the nitrogen was in the fully oxidized form 
(NO3) but in the late summer the partially oxidized forms 
Increased and shortly thereafter most of the nitrogen 
appeared as ammonia, the highly reduced form. Station 2 at 
this time could be classified as mesosaprobic or polysaproblc 
Figure 7. Ammonia-nitrogen in ppm at stations 1, 2, and 3 
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(these terms are discussed in the ecological section). 
Ortho phosphate 
At station 1 the ortho phosphate level exceeded 1 ppm 
only on June 13 (Figure 8). The nature of this peak looks 
highly suspicious and may be due to contamination or faulty 
technique. The water sample on this date was very silty and 
the flow was at a maximum. At station 2 ortho phosphate was 
at a relatively low level until August 22 at which time a 
large increase was observed. The maximum occurred on 
September 22 ppm, and a high level was present until the 
spring thaw in March. The level of ortho phosphate at station 
3 showed a pattern of increase similar to that at station 2 
but with a smaller maximum, 10 ppm on October 10. 
Chemical oxygen demand 
Chemical oxygen demand is a measure of the oxygen 
equivalent of the organic matter in a sample which may be 
oxidized by a strong oxidizing agent (Figure 9). At station 
1 chemical oxygen demand (COD) ranged from 1.0 on December 5 
to 12.0 on June 27. No noticeable trends were observed and 
the concentration seemed to fluctuate without pattern. At 
station 2 the concentration also fluctuated but a definite 
fall and winter increase was evident. The maximum level of 
COD was 33.6 ppm on December 26. The minimum was 0.8 on 
May l6. At station 3 a slight fall and winter increase was 
also detectable but the COD concentrations were lower than 
Figure 8. Ortho phosphate in ppm at stations 1, 2, and 3 
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at station 2. The maximum and minimum values were 14.7 and 
0.2 ppm recorded on October 3 and May l6 respectively. 
Silica 
Silica was never a limiting factor for diatom growth 
in this study and there were no large differences between 
stations (Figure 10). Observed values ranged from 6.3 to 
34 ppm. The values fluctuated more in the spring when the 
flow of water was also fluctuating. The maximum at all 
three stations occurred on June 13, the day of the heaviest 
flow of water. 
Chloride 
The chloride level at station 1 remained fairly constant 
with slightly higher levels in the spring (Figure 11). Con­
centrations ranged from 7-5 to 21.5 ppm. Chloride concen­
trations at station 2 were, on the average, higher than at 
station 1. The maximum was recorded on March 13. The 
lowest level was 17 ppm on June 13. The concentrations of 
chloride were intermediate between stations 1 and 2. This 
is understandable since chloride concentrations are not 
changed much as they pass down a stream except by dilution. 
Sulfate 
The levels of sulfate at station 1 were between 30 and 
60 ppm until late August when the concentration began to 
•rise (Figure 12). Concentrations of SOji remained relatively 
high until through the fall and winter with a maximum of 
Figure 10. Silica in ppm at stations 1, 2, and 3 
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150 ppm on December 19. At stations 2 and 3 no large fall 
and winter increases were observed. The maxima at these 
two stations occurred on January 2 and were 98 and 120 ppm 
respectively. High sulfate concentrations at station 1 may 
be due to higher levels in the ground water source which is 
diluted by precipitation sources in the spring and summer. 
Ecological Section 
The results of the 500 valve diatom counts are in Tables 
1, 2, and 3 in the Appendix. The density of diatoms was 
greatest in spring and summer at all three stations and 
nowhere was a large winter population observed (Figure 13). 
The maximum density of diatoms at station 1 was observed on 
August 29, 1.9 X 10^  cells/cm^ . At station 2 the maximum 
density was over 2 times as great, 4.2 x 10^  cells/cm^  on 
July 25. At station 3 the maximum density was observed on 
April 17, 2.8 X 10^  cells/cm^ . The density of diatoms is 
certainly Influenced by a number of factors. Seasonal 
variations in light, temperature, flow rates, aeration, 
osmotic effects, and buffering systems may well exert major 
influences on diatom productivity, particularly in a study 
such as this one where nutrients do not seem to be limiting. 
The total density of diatoms is, of course, the sum of the 
densities of individual species each of which may respond 
quite differently zo the envirorutienu. 
In trying to arrive at logical bases for interpreting 
Figure 13. The density of diatoms on artificial substrares. 
A glass substrate was used from May l6 to 
October 31, and styrofoam was used from 
November 7 to May 1. Missing values indicate 
that no samples were available on those dates 
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environmental responses of diatom populations a number of 
investigators have developed or modified classification 
systems which may be used to categorize the tolerance of 
various species to major environmental influences. 
Hustedt (1956) presented the following classification 
system for temperature tolerance of diatoms: 
Eustenotherm forms tolerate temperature fluctuations 
of about 5° C and are divided into three groups: 
cold water forms: in temperatures around 15°, 
temperate forms: in water of 15° to 25°, 
warm water forms: in water 25° or over. 
Mesostenotherms tolerate a temperature fluctuation 
of about 10° and are also subdivided into three 
groups : 
cold water forms: in a 10° to 20° range, 
temperate forms: in a 15° to 25° range, 
warm water forms : in a 25° to 40° range. 
Mesoeurythei-m species are found in the following three 
ranges : 
cold to temperate forms: in a 10° to 25° range, 
temperate forms: in a 15° to 30° range, 
warm water forms : in a 20° to 45° range. 
True eurytherms tolerate temperature fluctuations of 
20° or over. 
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Thlenemann (1939) classified the organisms in a community 
depending on the strictness of their relationship to the 
community: 
Coenobiontic species: those species that are char­
acteristic of the habitat and are of common 
occurrence. 
Coenophilic species: those species which are found 
in various habitats but have their best development 
in one particular habitat. 
Coenoxenic species: those species which are not 
characteristic of the habitat and are considered 
misplaced. 
This system has been developed and modified to describe a 
species' reaction to various physical and chemical factors. 
Current for instance is an important factor in determining the 
distribution of diatoms and Thienemann's classifications can 
be modified to describe a diatom's preference for lotie or 
lentic water. A rheobiont is restricted to flowing waters. A 
rheophil has its best development in lotie water but may be 
found in other habitats. A rheoxene does not grow in flowing 
water and its appearance there is accidental. Similarly 
diatoms may be classified with respect to their development 
in standing water. A limnobiont is restricted to lentic 
habitats. Many of the diatoms in this group are planktonic. 
A limnophil has its best development in lentic water. 
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One of the first chemical factors to be investigated 
was salinity. Kolbe (1927) devised the haloblon system for 
the classification of diatoms which was later modified by 
Hustedt (1957): 
Polyhalobion; living in water with a salt content of 
30,000 ppm and greater. 
Mesohaloblon: 
Euryhaline mesohaloblon; can live in salt 
solutions ranging from 200 to 30,000 ppm. 
Alpha-mesohaloblon: brackish-water forms, living 
in salt concentrations of from 10,000 to 30,000 
ppm, 
Beta-mesohaloblon; brackish-water forms, living 
in salt concentrations of from 200 to 10,000 
ppm. 
Oligohaloblon; 
Halophil: stimulated by moderate chloride con­
centrations. 
Indifferent : tolerates moderate chloride con­
centrations . 
Halophobe small amounts of salt are unfavorable for 
growth. 
The hydrogen ion concentration seems to be an important 
factor in diatom distribution. The pH system is another 
modification of Thlenemann's classifications (Hustedt 1957): 
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Alkallblont; restricted to a pH of over 7. 
Alkaliphil; best development at a pH of over 7. 
Indifferent : grows well in slightly acid or alkaline 
water. 
Acidophil; best development at a pH less than 7. 
Acldobiont: restricted to a pH of less than 7. 
Many aquatic habitats are buffered by a calcium carbonate 
buffer system. Some authors prefer to use a system of 
calcibionts, calciphils, and calciphobes in place of the pH 
system. 
The saproblon system of Kolkwitz and Marsson (1908) is 
used to classify organisms with respect to the degree of 
organic pollution they may tolerate. Pour stages of pollution 
were originally recognized and later redefined by Kolkwitz 
(1935): 
Polysaprobic; Zone in which the bottom is covered by 
black sludge. Much iron sulfide is present and 
hydrogen sulfide is being liberated. There is no 
oxidation of ammonia and little or no oxygen present. 
Mesosaprobic; Zone in which oxidation begins 
Alpha-mesosaprobic zone: the zone containing 
amino acids. 
Be ta-me s osaprobic zone; the zone in which further 
oxidation takes place. 
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Ollgosaproblc zone: Zone in which oxidation is nearly 
complete; the water is well oxygenated and the mud 
has been oxidized. 
The above system describes the recovery only from 
domestic pollution. Hustedt (1957) has rejected this system 
for diatom classification and believes oxygen to be the 
important factor. He has proposed the following oxygen 
system; 
Euryoxybiont; Tolerates a wide range of oxygen levels. 
Mesoxybiont; Tolerates smaller oxygen fluctuations. 
Ollgooxybiont; Will not tolerate much fluctuation in 
oxygen concentration, usually requires oxygen 
saturation. 
Many of the preceding terms have been used by various 
authors to describe the ecology of diatom taxa. The following 
is an alphabetical list of all the taxa encountered during 
this study with comments on their ecology by other authors 
and pertinent observations derived from the associated data 
herein. 
Achnanthea Bory 
Achnanthes affinis Grun. 
Voucher Specimen; slide 7-25-69 #3, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate l6, 
Figures 11 and 12. 
51 
Distribution and Ecology: Stoerraer (1963) reports this 
taxon as being uncommon in littoral collections and very rare 
in fossil material from Lake West Okoboji. It was also 
reported from the cold spring outlet of Excelsior Pen in 
northwest Iowa (Shobe et al. 1963). This species is said 
to be eurytopous and is reported most often from circumneutral 
to alkaline water (Patrick and Reimer I966). It has a pH 
optimum somewhat over 7 (Cholnoky I968). 
Occurrence; I found this taxon in large numbers at 
stations 1 and 3. It reached a maximum at station 1 on 
September 26, comprising 6^  of the diatometer slide count 
5 2 
and having a density of approximately 1.1 x 10 cells/cm 
(Figure 14). At station 3 A. affinis reached a maximum on 
July 25 with a density of 1.1 x 10^  cells/cm^  and a relative 
abundance of 4.8#. 
The absence of A. affinis from station 2, or from any 
other samples collected from ditch 2 may indicate a lack of 
tolerance for organic pollution. The pulse of this taxa 
at station 3 occurred well before the pulse at station 1 
indicating that the large population at station 3 is not 
merely a result of individuals washing down from station 1. 
Since the pseudoraphe valve of A. affinis is difficult 
to distinguish from the pseudoraphe valve of A. minutissima 
and these two taxa occur together in many samples, A. 
affinis must be distinguished by its stauros-like central 
Figure 14. Density of Achnanthes affinis at stations 1 
and 2. The symbol ns indicates that no sample 
was available on that date 
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area on the raphe valve. 
Achnanthes exlgua var. heterovalva Krasske 
Voucher Specimen: slide 11-5-67 #8, I.S.U. Diatom 
Herbarium. 
Illustration; Patrick and Reimer 1966, plate l6. 
Figures 25 and 26. 
Distribution and Ecology: Stoermer (1963) found this 
taxon to be uncommon in both fossil and recent collections 
from Lake West Okoboji. Ohl (I965) found it as a rare form 
in one farm pond. As a cosmopolitan, indifferent, littoral 
or spring form typical of alkaline lakes and streams it has 
extraordinary adaptability (Hustedt 1938a). Like the 
nominate variety, it is a rather widespread lake form but is 
also to be found in rivers and streams. Occurs frequently 
in aquarium tanks. Alkaliphil, eurythermal, and euryphotic 
(Patrick and Reimer I966). Alkaliphilous, indifferent to 
salt and current (Poged 1948b).^  Simonsen (1962) calls it 
an indifferent oligohalobe. 
Occurrence: This taxon was rare and found only in a 
few collections from ditch 2. It was collected directly 
from the side of the culvert in a preliminary sample in 
November I967. It was not observed again until the spring 
of 1970 when a few valves were observed from station 2. 
1 
•^ he ecological comments in this publication are based 
on the findings in Poged (1947a, 1947b, and 1948a). 
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Achnanthes hungarlca (Grun.) Grim. 
Voucher Specimen: slide 10-31-69 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Schmidt 1877, plate 4l4, Figure 10. 
Distribution and Ecology: Stoermer (1963) found this 
taxon in Lake West Okoboji often abundant in close associa­
tion with Lemna but rare from the open water areas. Ohl 
(1965) lists this diatom as a coenoxene in Iowa ponds. Shobe 
(1967) reports it in low numbers from the Skunk River. 
Hustedt (1938a) calls this species a cosmopolitan, 
oligohalobe in littoral, standing, and flowing alkaline 
water and gives it a pH range of 7 to 8.3. Cholnoky (1968) 
lists the pH optimum at about 8.5. Simonsen (1962) says it 
is an oligohalobe (indifferent) probably meioeuryhaline. 
Patrick and Reimer (1966) indicate that it is not usually 
found in large numbers. When it is found in large numbers 
it is usually beta-mesosaprobe (Hustedt 1957). 
Occurrence: I found only a few valves of this species 
at station 1 in the fall of 1969. 
Achnanthes lanceolata (Breb.) Grun. 
Voucher Specimen: slide 5-31-68 #3, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 18, 
Figures 1 through 10. 
Distribution and Ecology; Stoermer (1963) found this 
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taxon to be common in littoral collections and occasional 
in the plankton of Lake West Okoboji. Ohl (I965) found it 
to be infrequent in most Iowa farm ponds observed. Accord­
ing to Patrick and Reimer (I966), it is a quite common 
species occurring under a wide range of ecological conditions 
but develop strongly in well aerated flowing waters 
(?rheophll) of neutral to alkaline pH (pH, ?indifferent or 
alkaliphil); does not seem to appear in large numbers under 
conditions of heavy organic enrichment. Hustedt (1938a) 
observed its occurrence in a pH range of from 4 to 9 with a 
maximum development in alkaline water. The pH optimum lies 
(Cholnoky 1968) between 7.2 and 7.5. Foged (1948b and 1954) 
states that the species is salt indifferent, alkaliphilous, 
and rheobiontic. Homung (1959) reports the taxon to be a 
rheophil with a growth maximum in the spring. Schroeder (1939) 
found a growth maximum both in the spring and fall. In an 
experiment by Mclntire (1966) A. lanceolata was one of the 
first taxa to colonize a laboratory stream (rheophil). 
Occurrence : This taxon showed a similar growth pattern 
at all three stations with a large maximum in summer and a 
smaller pulse in spring (Figure 15). It reached a maximum 
density at station 1 on July I8, 2.7 x 10^  cells/cm^ . It 
reached a maximum in relative abundance on August 1 com­
prising 61.6 percent of the sample. At station 2 this taxon 
reached a maximum density on August 1, 3.9 x 10^  cells/cm^ . 
Figure 15. Density of Achnanthes lanceolata at stations 1, 
2, and 3. The symbol ns Indicates that no sample 
was available on that date 
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The relative abundance, 48.4 percent, was also a maximum on 
this date for station 2. Station 3 showed a maximum of 
3.8 X 10^  cells/cm^  on August 25 and a maximum in relative 
abundance a week later, 72.4 percent. The summer maxima at 
stations 2 and 3 represented a greater density of A. 
lanceolata than the maximum at station 1. The population 
density also declined 4 to 5 weeks sooner at stations 2 and 
3 than at station 1. This was the same time that the organic 
load was increasing at stations 2 and 3. The taxon remained 
present at all stations through late fall and winter at low 
density levels. 
Achnanthes lanceolata var. dubia Grun. 
Voucher Specimen: slide 3-13-70 #3s, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate l8. 
Figure 13. 
Distribution and Ecology: Ohl (1965) found this taxon 
in several Iowa farm ponds but only in large numbers from 
two. Shobe (I967) reported it from the Skunk River. 
Patrick and Reimer (1966) indicate that the ecology of this 
taxon is like the nominate variety. 
Occurrence: This species showed a large summer maximum 
at stations 2 and 3 (Figure 16). At station 2 the population 
4 2 
reached a maximum density of 8.0 x 10 cells/cm on August 1 
and a maximum relative abundance of I6 percent on August 8. 
Figure 16. Density of Achnanthes IancePlata var. dubia 
at stations 1, 2, and 3. The symbol ns 
indicates that no sample was available on that 
date 
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At station 3 the maximum density and relative abundance 
occurred July 25, 9.7 x 10^  cells/cm^  and 8.4 percent 
respectively. At station 1 there was a much smaller maximum 
3 2 
on August 29, 5.7 X 10-^  cells/cm . The taxon comprised only 
0.6 percent of the community on this date but reached a 
maximum relative abundance of 4.2 percent on February 27. 
The pulse of this variety follows that of the nominate 
variety quite well except at station 1 where the pulse is 
much smaller. The large density increases at stations 2 and 
3 begin at the same time ortho-phosphate levels are increasing 
at these two stations (Figure 8) and decreases at about the 
same time A. lanceolata v. lanceolata is decreasing. 
Achnanthes linearis (W. Smith) Grun. 
Voucher Specimen: slide 8-22-69 #1^  I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate l6. 
Figures 3 and 4. 
Distribution and Ecology: This taxon has been reported 
from Iowa only by Fee (1967). It is an oligohalobe (probably 
more halophobe than Indifferent), pH indifferent and saproxene 
(Hustedt 1957). Foged (1948b) indicates that taxon to be 
salt and current indifferent and alkaliphilous. Cholnoky 
(1968) gives it a pH optimum of between 6.5 and 6.8. Patrick 
and Reimer (1966} state that it is apparently pH Indifferent 
and a halophobe but indicate that little reliable data are 
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available for ecological comment. 
Occurrence ; This species occurred in small numbers at 
stations 1 and 2 in the summer of 1969. Its appearance was 
accompanied by large populations of A. affinis and A. 
mlnutissima. Patrick and Reimer (1966, p. 252) discuss 
the problems involved with the taxonomy of these three 
species. A. linearis may be distinguished from the other 
two taxa by the absence of a stauros on the raphe valve and 
by its almost parallel striation on both valves. 
Achnanthes minutissima Kutz. 
Voucher Specimen: slide 8-22-69 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate l6. 
Figures 9 and 10. 
Distribution and Ecology; Stoermer (1963) found this 
taxon to be especially common in collections from rocks in 
the zone of wave action. Ohl (1965) found it at all times 
of the year in many differing communities and it was dominant 
in some collections. Drum (1964) also found it in the Des 
Moines River, Budde (1930b) classifies this taxon as a 
mesosaprobe. Pjerdingstadt (1950) found large populations 
from alpha- and beta-mesosaprobic environments. However 
Cholnoky (1958) states that this taxon is indicative of high 
oxygen content of the water and therefore will not be found 
in large numbers under saprobic conditions. Scheele (1952) 
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Indicates that it is tolerant of an extremely broad spectrum 
of environmental conditions. Hustedt (1938a) sums up the 
discussion quite well. Cosmopolitan and one of the most 
ubiquitous diatoms known. Its oligohalobic and eurythermal 
(was once found in a spring at 37° C). Observed from a pH 
range of 4.3 to 9.24. 
Occurrence; This taxon was observed at all three 
stations but was abundant only at station 1 (Figure 17). It 
maintained a dense population from August 15 to October 3 
with a significant drop on September 5. The maximum occurred 
on August 25i 1.3 X 10^  cells/cm^  and 68.6 percent of the 
collection. 
Amphora Ehr. 
Amphora ovalis var. libyca (Ehr.) CI. 
Voucher Specimen; slide 2-5-70 #1, I.S.U. Diatom 
Herbarium. 
Illustration; Van Heurck I88O-I88I, plate 1, Figure 2. 
Distribution and Ecology; Stoermer (1963) found it 
uncommon in littoral collections from Lake West Okoboji. 
Ohl (1965) observed it as an epiphyte in almost all farm 
ponds investigated. It has been reported as an alkaliphil 
(Poged 1954). 
Occurrence: This taxon occurred in small numbers from 
stations 1 and 3 and was not observed from station 2. 
Figure 17. Density of Achnanthes minutissima at station 1. 
The symbol ns Indicates that no sample was 
available on that date 
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Amphora ovalls var. pedlculus (Kiitz.) Must. 
Voucher Specimen: slide 10-31-69 #1, I.S.U. Diatom 
Herbarium. 
Illustration; Hustedt 1930, p. 344, Figure 629. 
Distribution and Ecology: Stoermer (1963) found 
this taxon often growing epiphytically on larger diatoms 
and filamentous green algae. Hustedt (1938b) found large 
growths from highly aerated alkaline situations. Scheele 
(1952) classifies the taxon as an aerophyte. It is often 
epiphytic on big diatoms (some species of Nitzschia). It is 
salt and current indifferent and alkaliphilous (Foged 1948a). 
Fjerdingstadt (1950) classifies it as an alpha- and beta-
mesosaprobe. Amphora ovalis var. pediculus sociations 
occur on the bottom at the shore and on stones at the shore 
in large eutrophic lakes and ponds, alkaliphilous (j^ rgensen 
1948). Hustedt (1957) states that the taxon is an indifferent 
oligohalobe, alkaliphil, and oligosaprobe indifferent to 
stream flow. 
Occurrence; Amphora ovalis var. pediculus was present 
at station 1 most of the year (Figure I8). It was first 
observed in the counts on July 18 and numbers increased to 
a maximum density on September 26, 5.9 x 10^  cells/cm^ . At 
this time it only represented 3.2 percent of the sample and 
reached a maximum in relative abundance on November 14, 
26.2 percent. The taxon only occurred in small numbers 
Figure l8. Density of Amphora ovalis var. pediculus at 
station 1. The symbol ns indicates that no 
sample was available on that date 
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from station 3 mainly in fall and winter. I did not observe 
the taxon from station 2. This was one of the few taxa to 
maintain a moderate population during late fall and winter 
(station 1). 
Amphora submontana Bust. 
Voucher Specimen: slide 3-6-70 #ls, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1949, plate 11, Figure 4. 
Distribution and Ecology: Ohl (I965) found it infre­
quently in several Iowa farm ponds. Pee (1967) reported it 
from Dutch Creek. 
Occurrence; A small number of specimens were observed 
at all three stations with no apparent seasonal fluctuations. 
Amphora veneta Kiitz. 
Voucher Specimen: slide 12-26-69 #3s, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 344, Figure 63I. 
Distribution and Ecology; Stoermer (1963) found it 
common in recent collections from sheltered areas of Lake 
Okoboji but rare in fossil material. Ohl (1965) found the 
taxon to be very common in littoral areas and in the plankton. 
An indifferent oligohalobe (Simonsen 1962). Poged (1948b and 
1954) considers it to be a limnobiont. Hustedt (1957) says 
that the taxon is an oligohalobe (indifferent), pH indif­
ferent, mesoxybiont. Cholnoky (1968) indicates that the pH 
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optimum is about or over 8.5. 
Occurrence: I observed only 2 valves of this species 
at station 1. It was observed in the greatest numbers from 
station 3 in late fall and early winter. The greatest 
relative abundance observed was only 1.4 percent on Dec­
ember 19. The taxon was not observed at station 2. The 
occurrence of moderate numbers of this species would seem 
to substantiate Hustedt's notion that the species is not a 
limnobiont. 
Anomoeoneis Pfitzer 
Aromoeonejs sphaerophora (Ehr.) Pfitz. 
Voucher Specimen; slide 3-27-70 #3s, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 32, 
Figure 1. 
Distribution and Ecology; Stoermer (1963) found it to 
be common in recent collections from Lake Okoboji. Patrick 
and Reimer (1966) state that it appears to have a strong 
preference for hard waters (alkalibiont?). Although a 
fresh-water taxon it is often found in inland areas with 
some salt concentration. It is found in streams, ponds, 
lakes and intermittent pools. Budde (1930a) and Poged 
(1948b) report the taxon to be a halophil. j/rgensen (1948) 
states that it is an alkalibiont. Cholnoky (1968) puts the 
pH optimum at around 8,5. Hustedt (1938a) indicates the 
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taxon to be cosmopolitan and halophllous, frequently found 
in polluted waters near human dwellings. 
Occurrence: This taxon was observed only in samples 
from ditch 2 in winter and spring, 1969-1970. It appeared 
in most of the samples collected at this time but was never 
observed in large numbers. 
Caloneis Cleve 
Caloneis bacillum (Grun.) 01. 
Voucher Specimen: slide 8-15-69 #2, I.S.U. Diatom 
Herbarium. 
Illustration; Patrick and Reimer 1966, plate 54, 
Figure 8. 
Distribution and Ecology: Stoermer (1963) reported it 
as common. Ohl (1965) commonly found it a member of the mud 
bottom community. Pound in soft, hard or slightly brackish 
water in lakes, rivers,and bogs (Patrick and Reimer 1966). 
Hustedt (1938a) reports the taxon to be cosmopolitan, 
oligohalobic and a krenophil (mineral spring loving). He 
found maximum development in water with a pH around 7.5. 
Cholnoky (I968) puts the pH optimum at just under 8. Poged 
(1948a and 1954) states that the species is an alkaliphil, 
krenophil, and rheophil. Hustedt (1957) indicates that 
C. bacillum is a saproxene. 
Occurrence ; This taxon was encountered at all three 
stations with no apparent seasonal distribution. It appeared 
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most often at station 2. 
Caloneis bacillaris var. thermalis (Grun.) A. CI. 
Voucher Specimen: slide 6-7-68 #5, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 54, 
Figure 7. 
Distribution and Ecology: Gudmundson (1969) reported 
this taxon from the Des Moines River. Patrick and Reimer 
(1966) indicate that it is found in water of high mineral 
content. 
Occurrence: This species was represented by only a few 
specimens from stations 1 and 3. 
Caloneis lewisii Patr. 
Voucher Specimen: slide 12-5-67 #7, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 54, 
Figure 11. 
Distribution and Ecology: Stoermer (I963) reported it 
as rare from Lake Okoboji. Ohl (1965) found this taxon 
frequently in shallow ponds of southern Iowa but rarely in 
ponds located on the Wisconsin drift. Patrick and Reimer 
(1966) report it from fresh to brackish water. 
Occurrence: This taxon occurred very rarely from all 
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Calonels schumannlana (Grim. ) CI. 
Voucher Specimen: slide 2-5-70 #6, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 239, Figure 369-
Distribution and Ecology: This species is scattered 
in recent collections from the littoral zone of Lake 
Okoboji (Stoermer 1963) but appears quite rare in Iowa farm 
ponds (Ohl 1965). Cosmopolitan, oligohalobe, littoral form 
(Hustedt 1938a). Salt indifferent and lismobiontic (Poged 
1948b), Oligohalobe (indifferent), alkalibiont, saproxene 
(Hustedt 1957). Cholnoky (1968) declares the pH optimum to 
be over 8. 
Occurrence: I found this taxon only in small numbers 
from stations 1 and 3. It was not recorded in any cell 
counts. 
Caloneis schumanniana var. biconstricta Grun. 
Voucher Specimen: slide 4-10-70 #2s, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 239, Figure 370a. 
Distribution and Ecology: This entity was found 
scattered in recent littoral collections from Lake West 
Okoboji (stoermer I963) and from the surface of the mud near 
the margins in some southern Iowa farm ponds (Ohl 1965). A 
— 0^  1 I m • I (K, ^   ^  ^ i^  . _ _.  ^^  1  ^ À _  ^  ^ «M.  ^  ^| \ 
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Occurrence: This species was collected in small numbers 
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from all three stations. 
Caloneis ventrlcosa var. truncatula (Grun.) Melst. 
Voucher Specimen; slide 5-10-68 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 54, Figure 
5. 
Distribution and Ecology: Stoermer (1963) found this 
taxon in littoral collections from Lake Okoboji. Ohl (1965) 
reports it as an infrequent mud bottom form. This taxon 
seems to like fresh water with a little calcium. It is also 
found in slightly brackish water (Patrick and Reimer I966). 
Poged (1948b) considers it salt and current indifferent and 
alkaliphilous. Oligosaprobic (Hustedt 1957). 
Occurrence: Occurring rarely at stations 1 and 3 and 
not observed from station 2. No pattern of occurrence was 
evident. 
Cocconeis Ehr. 
Cocconeis pediculus Ehr. 
Voucher Specimen: slide 3-6-70 #ls, I.S.U. Diatom 
Herbarium. 
Illustration; Patrick and Reimer 1966, plate 15, 
Figure 3 and 4. 
Distribution and Ecology: Common in recent collections 
from Lake Okoboji periphyton communities (Stoermer 1963). 
Ohl (1965) found it to be a common epiphyte but rarely found 
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it in very turbid waters. Calcium indifferent (Niessen 1956). 
A widespread eurytopous species epiphytic on many aquatic 
plants and other objects, but not often found in large 
numbers. Considered by some as resistant to moderate 
amounts of pollution; alkaliphil, and salt indifferent 
(Patrick and Reimer I966). Halophilous (Budde 1930a) and 
Simonsen (1962). An eurytopic fresh-water form indifferent 
to current, halophil and alkaliphil (Scheele 1952). Cholnoky 
(1968) quotes a pH optimum of around 8.5. It is often very 
frequent as an epiphyte in strongly alkaline water and is 
brackish-water tolerant. 
Occurrence: This species occurred in small numbers at 
station 1 mainly in the winter. Only a couple of valves 
were observed at station 2. At station 3 £. pedlculus was 
first recorded in the weekly counts on August 8 and quickly 
reached a maximum density on August 29, 1.1 x 10^  cells/cm^  
(Figure 19). It represented a moderate portion of the sample 
through late fall and winter, reaching a maximum abundance 
on November 28, 22.6 percent of the sample. The appearance 
of large numbers of this species followed the choking off 
of this station by the filamentous green alga RhizocIonium. 
Great mats of this alga completely covered the surface of the 
water at station 3 surrounding the diatometer from early 
August to late September, at which time Spirogyra sp. began 
to replace it. 
Figure 19. Density of Cocconeis pedicuius at station 3. 
The symbol ns indicates that no sample was 
available 
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Cocconels placentula var. euglypta (Ehr.) CI. 
Voucher Specimen: slide 2-20-70 #3s, I.S.U. Diatom 
Herbarium. 
Illustration; Patrick and Reimer 1966, plate 15, 
Figures 5 and 8. 
Distribution and Ecology; Reported as an epiphyte in 
Lake Okoboji (Stoermer 1963) and in farm ponds of the 
Wisconsin drift (Ohl 1965). Oligohalobe (indifferent), 
alkaliphil, oligosaprobe (Hustedt 1957). Oligosaprobe 
(Hornung 1959). Schroeder (1939) found this species to have 
a fall maximum with a smaller spring pulse. Hustedt (1938a) 
points out the importance of a proper substrate for the cells 
to grow on. Indifferent to mild organic pollution (Butcher 
1940). A pH optimum of around 8 (Cholnoky 1968). 
Occurrence: At station 2 this taxon appeared in 
moderate numbers in the late summer but was completely absent 
for most of the year. At station 1 it was present for most 
of the year (Figure 20) with a small pulse in September 
4 p (maximum, September 26, 6.1 x 10 cells/cm^ ). This species 
was also present for most of the year at station 3 with a 
large pulse in August and September. On September 5 it 
comprised 92.6 percent of the sample and reached a density 
maximum on September 12, 9.1 x 10^  cells/cm^ . As with C. 
pediculus this taxon is dependent on a proper substrate such 
as Rhizoclonium on which to grow epiphytically. C_. 
placentula var. euglypta may be more dependent on such a 
Figure 20. Density of Cocconeis placentula var. euglypta 
at stations 1 and 3. The symbol ns indicates 
that no sample was available on that date 
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substrate than Is C. pedlculus. In August and September 
when the station was choked by a floating mat of 
RhlzocIonium, C. placentula var. euglypta outnumbered C, 
pedlculus by at least 20 to 1. The Rhlzoclonium was largely 
replaced by Spirogyra, which is a poor host for epiphytic 
diatoms, in the fall. The proportion of these two species 
of Cocconeis was nearly reversed by mid-November although 
both species were present in greatly reduced numbers. C^ . 
placentula var. euglypta may also be more sensitive to the 
Increased organic load at this station in the fall. 
Cocconeis placentula var. lineata (Ehr.) V. H. 
Voucher Specimen; slide 11-5-67 #8, duplicate #1, 
I.S.U. Diatom Herbarium. 
Illustration: Patrick and Reimer 1966, plate 15, 
Figure 6. 
Distribution and Ecology; Ohl (I965) and Stoermer 
(1963) found it in similar habitats to the previous species. 
Those available comments on the ecology of this species 
indicate that it is the same as C. placentula var. euglypta. 
Occurrence; Very few specimens of this taxa were 
observed at stations 2 and 3. 
Cyclotella Kutz. 
Cyclotella meneghiniana Kutz. 
Voucher Specimen; slide 5-10-68 #3, I.S.U. Diatom 
Herbarium. 
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Illustration: Van Heurck I88O-I881, plate 94, 
Figure 11. 
Distribution and Ecology: Stoermer (I963) found this 
taxon from littoral and plankton collections. Ohl found it 
commonly in only one pond. Drum (1964) also found it to 
be common in the Des Moines River. Hustedt (1957) reports 
this entity to be cosmopolitan in brackish water. While 
not uncommon in fresh, hard waters it rarely blooms under 
these conditions. It is considered a halophil by the 
following; Petersen (1943), Budde (1930a), Hustedt (1937), 
and Poged (1948b). Apparently this taxon tolerates organic 
pollution. Kolkwitz (1935) and Schroeder (1939) consider 
it to be beta-mesosaprobic. In a study by Simonsen (1962) 
this taxon was found to be an indicator of waste water. 
Cholnoky (1968) states that it is a facultative heterotroph 
with a pH optimum of about 8.5. Raabe (1951) found this 
entity occurring with a fall maximum. 
Occurrence: This taxon was observed occasionally in 
very small numbers from stations 1 and 2. At station 3 it 
played a major role in the flora in the fall and attained 
4 2 
a maximum on October 3, 5.7 x 10 cells/cm , 47.6 percent 
relative abundance (Figure 21). The pulse of this species 
at station 3 follows closely the period of rising organic 
load. The taxon remains present at low levels through the 
winter. 
Figure 21. The density of Cyclotella meneghiniana at station 
3. The symbol ns indicates that no sample was 
available on that date 
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Cyllndrotheca Rabenhorst 
Cyllndrotheca gracilis (Breb.) Grim. 
Voucher Specimen: none available. 
Illustration: Hustedt 1930, p. 393, Figure 7^ 6. 
Distribution and Ecology: Fee (1967) found this taxon 
on the muddy bottom of Dutch Creek. Drum (1964) reports It 
from the Des Moines River. Christensen and Reimer (I968) 
report the taxon from Dugout Creek and suggest that high 
conductivity of the surrounding water may influence its 
distribution. Cholnoky (1968) considers this a brackish 
water form and a nitrogen heterotroph. 
Occurrence: I found this taxon in a section of the 
ditch about 100 meters downstream from station 3. At this 
point the ditch runs through a cattle feed lot. The taxon 
was common in the cattle hoof prints of the muddy bottom. 
Cymatopleura W. Smith 
Cymatopleura solea (Breb.) W. Smith 
Voucher Specimen: slide 4-17-70 #2s duplicate #1, 
I.S.U. Diatom Herbarium. 
Illustration: Schmidt I887, plate 275, Figures 4 
through 7. 
Distribution and Ecology: Stoermer (1963) found it 
in littoral collections and in depths up to 15 meters. Ohl 
f 1965^  found .It ho bp an 1 bOttOîP. forîT. Of IT.OSt 
ponds investigated. Cosmopolitan, an oligohalobe littoral 
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form from alkaline eutrophlc water (Hustedt 1938b). Con­
sidered an oligosaprobe by Budde (1930b), Hustedt (1957), 
and Kolkwitz and Marsson (1908), however, Schroeder (1939) 
and Kolkwitz (1935) consider it a beta-mesosaprobe. 
Pjeidingstadt (1950) found the taxon in beta- and alpha-
mesosaprobic waters. Cholnoky (1968) puts the pH optimum 
at somewhat over 8. 
Occurrence: This diatom was rare at all three stations, 
observed only in collections from the bottom. 
Cymbella Agardh 
Cymbella aspera (Ehr.) Heribaud 
Voucher Specimen; slide 4-17-70 #2s duplicate #1, 
I.S.U. Diatom Herbarium. 
Illustration: Hustedt 1930, p. 365, Figure 680. 
Distribution and Ecology: This species is rare in Lake 
Okoboji (Stoermer 1963), and Iowa farm ponds investigated 
by Ohl (1965). Oligohalobe (indifferent), alkaliphil, 
oligosaprobe (Hustedt 1957). j/rgensen (1948) indicates 
that the pH range is between 6.3 and 9.0 and the optimum 
(Cholnoky 1968) is between 7.5 and 8.0. 
Occurrence: This species was rare and found only at 
station 2 in the spring of 1970. 
Cymbella cistula (Hemprich) Grun. 
Voucher Specimenî slide ll-S-67 SQ duplicate Si. 
I.S.U. Diatom Herbarium. 
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Illustration: Hustedt 1930, p. 360, Figure 676a. 
Distribution and Ecology: Common and widely distributed 
in recent littoral collections of Lake Okoboji (Stoermer 
1963). A common epiphyte in Iowa farm ponds (Ohl I965). 
Collins (1968) used this as a primary indicator species from 
Lake West Okoboji. Cosmopolitan, oligohalobe predominantly 
an alkaliphil (Foged 195%). Hustedt (1957) lists it as an 
indifferent oligohalobe and an oligosaprobe. 
Occurrence: I found this species only in ditch 2 in 
small numbers. In November of 1967 it was collected directly 
from the culvert and in the spring of 1970 it appeared at 
station 2. 
Cymbe 11a cuspidata Kiitz. 
Voucher Specimen: slide 4-17-70 #2s duplicate #2, 
I.S.U. Diatom Herbarium. 
Illustration: Hustedt 1930, p. 355, Figure 65O. 
Distribution and Ecology: Stoermer (1963) found this 
taxon to be common in the littoral and benthic zones of 
Lake Okoboji; however, this is the only written report of 
its occurrence in Iowa. Foged (1954) calls it an indifferent 
oligohalobe and saproxene. j/rgensen (1948) lists a pH 
range of from 5.7 to 8.2. The optimum is just over the 
neutral point (Cholnoky I968). 
Annnrrenne: I found very few valves of this species 
at station 2 in spring, 1970. 
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Cymbella mexicanum (Ehr.) Cleve 
Voucher Specimen: slide 11-5-67 #8, I.S.U. Diatom 
Herbarium. 
Illustration: Schmidt 1877, plate 71, Figure 82. 
Distribution and Ecology: Stoermer (1963 and 1964) 
found it to be common in littoral and benthic zones. He 
reported it from Lakes East and West Okoboji, Spirit Lake, 
and Clear Lake. Starrett and Patrick (1952) reported it 
from the Des Moines River. Little is known of an ecological 
nature about this diatom. 
Occurrence; Pound only in one collection, from the 
culvert of ditch 2 in November of I967. 
Cymbella microcephala Grun. 
Voucher Specimen: slide 8-I5-69 #2, I.S.U. Diatom 
Herbarium. 
Illustration; Hustedt 1930, p. 352, Figure 637. 
Distribution and Ecology; Common in collections from 
the littoral zone of the lake (Stoermer 1963). Ohl 
found it as a winter and spring dominant in one of the 
investigated farm ponds. Niessen (1956) considered this 
taxonan alkalibiont. Cosmopolitan, oligohalobe dispersed 
in alkaline waters (Hustedt 1938b). Salt and current 
indifferent, euryhaline, alkaliphilous (Foged 1948b). 
Pjerding3tadt(1950) observed the taxon in beta-mesosaprobic 
waters, j/rgensen (1948) reported the taxon as alkaliphilous 
with a pH range of 4.3 to 9. Cholnoky (1968) lists the pH 
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optimum at around 7. 2 .  
Occurrence: This species was rare, observed only at 
station 2 in summer of 19^ 9. 
Cymbella naviculiformis Auerswald 
Voucher Specimen: slide 11-5-6? #8 duplicate #2, I.S.U. 
Diatom Herbarium. 
Illustration: Boyer 1916, plate 18, Figure 6. 
Distribution and Ecology: Shobe et al. (1963) report 
this entity from the cold spring outlet of Excelsior Pen. 
This is the only written record of its occurrence in Iowa. 
Hustedt (1938b) reported this species as cosmopolitan, 
oligohalobe observed in a pH range of 6.5 to 7.2; however, 
Cholnoky (1968) states the optimum to be between 7.5 and 8. 
The taxon is salt, current, and pH indifferent (Poged 1948b). 
Oligohalobe (indifferent), pH indifferent, oligosaprobe, and 
stream flow indifferent (Hustedt 1957). 
Occurrence: I found this species only in the culvert 
flowing into ditch 2 in November 1967. 
Cymbella triangulatum (Ehr.) CI. 
Voucher Specimen: slide 5-31-68 #1, I.S.U. Diatom 
Herbarium. 
Distribution and Ecology: Stoermer (I963) found this 
entity in almost pure stands in beach sand near the water 
lina. Chi (1965) foimci it frequently in ponds in southern 
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Iowa but it was rare in ponds from the Wisconsin drift. 
Occurrence: I found this species only rarely at 
station 3. 
Cymbella ventricosa Kiitz. 
Voucher Specimen; slide 5-31-68 #3, I.S.U. Diatom 
Herbarium. 
Illustration; Hustedt 1930, p. 358, Figure 66l, 
Distribution and Ecology; Stoermer (1963) reports this 
taxon to be a major dominant in some periphyton collections 
from Lake Okoboji. Ohl (I965) found it frequently in many 
collections. A cosmopolitan, oligohalobe and littoral form, 
observed in a pH range of 5.5 to over 8 (Hustedt 1938b). 
Salt and pH indifferent, rheophilous (Foged 1948b). Budde 
(1930b) calls this taxon oligosaprobic but Fjerdingstadt 
(1950) found it in beta- and alpha-mesosaprobic waters. 
Cholnoky (1968) states that the pH optimum is around 7.7 to 
7.8. 
Occurrence: This was the most frequently encountered 
species of Cymbella at all stations but was never observed 
in large numbers. 
Diploneis Ehr. 
Diploneis elliptica (Kiitz.) CI. 
Voucher Specimen: Slide II-5-67 #8 duplicated #1, 
T-S.U. Diatom Herbarium. 
Illustration; Patrick and Reimer I966, plate 38, 
Figure 10. 
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Distribution and Ecology: This species has not previously 
been reported from Iowa. Fresh to slightly brackish water; 
found in bogs, lakes, and springs (Patrick and Reimer I966). 
Cosmopolitan, from sublittoral and profundal zones of fresh 
standing water (Hustedt 1938a). Salt and pH indifferent, 
limnophilous (Foged 1948b). Optimum pH around 8 (Cholnoky 
1968). 
Occurrence; I found this taxon only occasionally at 
station 2. 
Dlploneis oblongella (Naeg. ex Kutz.) Ross 
Voucher Specimen: slide 11-5-6? #8, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer I966, plate 38, 
Figure 8. 
Distribution and Ecology: Reported in Iowa only by Fee 
(1967) and Collins (I968). Patrick and Reimer (I966) indi­
cate that the taxon is found in fresh to slightly brackish 
water, sometimes in damp places (aerophil). 
Occurrence: I found this taxon only in a few collections 
from ditch 2. 
Epithemia Breb. 
Epithemia turgida (Ehr.) Kiitz. 
Voucher Specimen: slide 5-31-68 #2, I.S.U. Diatom 
Herbarium. 
Illustration; Hustedt 1930, p. 386, Figure 733. 
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Distribution and Ecology; Stoermer (1963) found it to be 
common from weedy areas and from the plankton of Lake 
Okoboji. Ohl (1965) found it infrequently in littoral 
collections. Alkalibiont and calciphil (Niessen 1956). 
Oligohalobe (indifferent), alkalibiont, saproxene (Hustedt 
1957). Alkaliphil and limnophil (Poged 1954). Budde 
(1930b) classifies it as an oligosaprobe but Pjerdingstadt 
(1950) reported it from beta-mesosaprobic waters. 
Occurrence; I found this taxon infrequently only at 
stations 2 and 3. 
Epithemia turgida var. granulata (Ehr.) Grim. 
Voucher Specimen; slide 4-3-70 #2s, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 386, Figure 734. 
Distribution and Ecology; This entity is reported from 
the Des Moines River by Gudmundson (I969). Alkaliphil 
(Poged 1954). Ecology is like the species (Hustedt 1957). 
Occurrence ; This taxon was rare occurring occasionally 
at station 2. 
Epithemia zebra var. porcellus (Kiitz.) G run. 
Voucher Specimen: slide II-5-67 #7» I.S.U. Diatom 
Herbarium. 
Illustration; Hustedt 1930, p. 385, Pigure 731. 
Distribution and Ecology; Scattered in recent littoral 
and plankton collections from Lake Okoboji (Stoermer 1963). 
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Common as an epiphyte on filamentous algae and as a bottom 
form in some Iowa farm ponds (Ohl 1965). Salt and current 
indifferent, alkaliphil (Foged 1948b). Alkaliphilous, pH 
range of 6.0 to 9.0 (j^ rgensen 1948). 
Occurrence: This taxon was observed only in a sample 
taken from the culvert of ditch 2 in November, 1967. 
Epithemia zebra var. saxonica (Kiitz.) Grun. 
Voucher Specimen: slide 11-5-6? #1, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 385, Figure 730. 
Distribution and Ecology: Rare in Lake Okoboji (Stoermer 
1963). Drum (1964) reported it as common from the Des Moines 
River. Salt and current indifferent, alkaliphil (Foged 
1948b). Cosmopolitan (Hustedt 1938b). J/rgensen (1948) 
calls this taxon alkaliphilous, but found it waters with 
a pH range of 5.4 to 7.8. 
Occurrence : This species was observed rarely at 
stations 2 and 3. 
Eunotia Ehr. 
Eunotia curvata ( Kiitz. ) Lagers t. 
Voucher Specimen; slide 10-31-69 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 10, 
Figure 4. 
Distribution and Ecology: Ohl (19^ 5) found it as a 
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frequent epiphyte In one of the ponds he investigated. Also 
found in the Des Moines River (Drum 1964). This species is 
widely distributed in waters of low mineral content. 
Commonly found in acid water but maybe in slightly alkaline 
water. Often has its best development in shallow lakes or 
ponds (Patrick and Reimer I966). Halophobe (Petersen 1943) 
and (Poged 1954). Acidophil, current indifferent (Poged 
1948b). Bock (1952) found this entity in a pH range of 6 to 
8. Cholnoky (1968) says the optimum pH is between 5.5 and 6. 
Occurrence: This species was rare at station 3 and not 
observed from station 2. It was most frequently encountered 
at station 1. Its presence was most evident in the diatom 
counts in the winter. It was observed in live collections 
as an epiphyte on filamentous green algae or larger diatoms 
such as MelosIra varians C. A. Ag. 
Eunotia formica Ehr. 
Voucher Specimen: slide 5-24-68 #2, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 10, 
Figure 7. 
Distribution and Ecology; The only report of this 
diatom in an Iowa flora is from the Des Moines River (Drum 
1964). It is found typically in acid to clrcumneutral water, 
standing nr usually slow-flowing water (Patrick and Reimer 
1966). An ollgohalobous littoral form preferring standing 
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acid water but also found in mildly alkaline water (Hustedt 
1937). Optimum pH under 6 (Cholnoky I968). Rarely found 
in pH over 7.5 (Hustedt 1957). 
Occurrence : Found occasionally at station 2 and in 
samples from ditch 2. 
Fragilarla Lyngbye 
Fragilaria leptostauron var. dubia (Grun.) Hust. 
Voucher Specimen: slide 11-5-67 #8 duplicate #6, 
I.S.U. Diatom Herbarium. 
Illustration: Patrick and Reimer 1966, plate 4, 
Figure 3. 
Distribution and Ecology: The only Iowa report of 
this diatom is from the Des Moines River (Drum 1964 and, 
also Gudmundson 1969). 
Occurrence ; I found only one frustule of this species 
in ditch 2 in 1967. The sighting of only one specimen of 
this taxon makes me think that I may be dealing with a 
fossil. 
Fragilaria virescens Ralfs. 
Voucher Specimen: slide 4-17-70 #2s duplicate #2, 
I.S.U. Diatom Herbarium. 
Illustration: Patrick and Reimer 1966, plate 3, 
Figures 7 and 8. 
Distribution and Ecology: Collins (1968) reported this 
taxon from fossil material in Lake Okoboji. Widely distrib­
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uted in fresh water (Patrick and Reimer 1966). 
Occurrence: Observed very rarely from station 2 in 
the spring of 1970. 
Frustulia Agardh 
Frustulia vulgaris (Thwaites) De Toni 
Voucher Specimen; slide 5-17-68 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 22, 
Figure 3, 
Distribution and Ecology: Very rare in recent and 
fossil collections from Lake Okoboji (Stoermer 1963). A 
coenoxene from Iowa ponds (Ohl I965). Cosmopolitan in 
standing and flowing water (Hustedt 1938a). Usually found 
in circumneutral water of low mineral content (Patrick and 
Reimer 1966). Salt and current indifferent, alkaliphil 
(Poged 1948b). Cholnoky (1968) states that the pH optimum 
is between 7.5 and 8. Oligohalobe (indifferent), alkaliphil, 
oligosaprobe (Hustedt 1957). Schroeder (1939) found a spring 
growth maximum. 
Occurrence: This taxon appeared in the counts infre­
quently at all three stations. It was observed in the 
greatest numbers in samples taken from the culvert in ditch 
1 in the spring of 1970. 
Gomphonema Agardh 
Gomphonema acuminatum var. brebissonii (Kiitz.) CI. 
Voucher Specimen: slide 11-5-67 #5^  I.S.U. Diatom 
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Herbarium. 
Illustration: Mayer 1928, plate 1, Figures 17 through 
19. 
Distribution and Ecology: Rare from the littoral zone 
of Lake Okoboji (Stoermer 1963). Drum (1964) also reported 
it from the Des Moines River. Alkaliphil and limnophil 
(Poged 1954). Oligohalobe (indifferent), alkaliphil, 
oligosaprobe (Hustedt 1957). J/rgensen (1948) reports a 
pH range of 7.3 to 8.5. 
Occurrence : This taxon was found rarely in ditches 2 
and 3. It was most abundant in the November, I967 collection. 
Gomphonema acuminatum var. corona ta (Ehr.) W. Smith 
Voucher Specimen: slide 2-5-70 #1, I.S.U. Diatom 
Herbarium. 
Illustration; Schmidt I887, plate 239, Figures 22 through 
24. 
Distribution and Ecology: Reported by Drum (1964) from 
the Des Moines River. Salt and pH indifferent, limnophilous 
(Foged 1948b). J^ rgensen (1948) gives a pH range of 5.7 to 
9.0 for this species. Calcium indifferent (Niessen 1956). 
Oligohalobe (indifferent), alkaliphil, oligosaprobe (Hustedt 
1957). 
Occurrence; This taxon was observed at all three 
stations but appeared most often at station 1. It was 
observed as an epiphyte on filamentous green algae. 
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Gomphonema angustatxjm (Kùtz.) Rabh. 
Voucher Specimen: slide 2-20-70 #ls, I.S.U. Diatom 
Herbarium. 
Illustration: Mayer 1928, plate 2 ,  Figures 32 and 
33. 
Distribution and Ecology: Shobe et al. (1963) reported 
this taxon from the cold spring outlet of Excelsior Pen. 
Common and sometimes dominant in the littoral zone of Lake 
Okoboji (Stoermer 1963). Ohl (1965) found it frequently in 
Iowa ponds. Reported by Drum (1964) and Shobe (196?) from 
the Des Moines and Skunk Rivers, respectively. Oligohalobe 
(indifferent), alkaliphil, oligosaprobe, never observed from 
a mesosaprobic habitat in great numbers. It is found more 
frequently in streams than G. parvulum (Hustedt 1957). 
Alkaliphil (Poged 195%, 1948b) and (Scheele 1952). Budde 
(1930b) calls it oligosaprobic. The pH optimum is from 7.5 
to 7.7 (Cholnoky 1968). Hornung (1959) found increases in 
relative abundance of this species with increases in stream 
velocity. Schroeder (1939) recorded a fall and winter maxi­
mum for the species. 
Occurrence: This species was observed in large numbers 
at all three stations with a maximum development in spring 
and early summer (Pigure 22). At station 1 this taxon 
appeared in large numbers from May 16 to July 25 of 1969, 
and from March 13 to May 1 the following year. The density 
Figure 22. Density of Gomphonema angustatum at stations 1, 
2, and 3. The symbol ns indicates that no 
sample was available on that date 
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maximum was observed on June 27, 7.7 x 10^  cells/cm . The 
maximum relative abundance, 78.2 percent, was observed on 
June 20. At station 2 this taxon was in great abundance 
from May l6 to August 15 and from March 20 to April 24. 
On July 11 the density was at a maximum, 2.2 x 10^  cells/ 
cm^ . This is the greatest density observed for any species 
in this study. The maximum in relative abundance, 91.0 per­
cent, occurred on May 9, 1969. The growth of large numbers 
of this species appeared to be temperature dependent since 
the species reached a maximum first at station 3, the down 
stream station, which warms up much faster than locations 
nearer the culvert (Figure 22). During March and April the 
massive brown growths of G. angustatum developed successively 
from the downstream to the upstream areas on rocks and other 
objects in the water. 
G. angustatum appears to be stimulated by small amounts 
of organic enrichment. Although spring maxima were observed 
at all three stations, the maxima were much greater at 
stations 2 and 3. 
G. angustatum is quite tolerant of rapidly flowing water 
(rheophil). Samples from rocks had a much higher percentage 
of this species after periods of rapid flow. 
Gomphonema angustatum var. sarcophagus (Greg.) Grun. 
Vonnher Snffo.lmpn t slide 2^. T.S.TI. Diatom 
Herbarium. 
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Illustration: Hustedt 1930, p. 371, Figure 691. 
Distribution and Ecology: An infrequent variety found 
in scattered collections from several Iowa farm ponds (Ohl 
1965). Foged (1948b) indicates that this taxon is salt 
and current indifferent. 
Occurrence: This taxon was only found in a few 
collections from ditches 1 and 3. 
Gomphonema angustatum var. undulata (Greg.) Grun. 
Voucher Specimen: slide 4-17-70 #2s duplicate #2, 
I.S.U, Diatom Herbarium. 
Illustration: Hustedt 1930, p. 371, Figure 694. 
Distribution and Ecology: This taxon is previously 
unreported from Iowa and its ecology is poorly known. 
Occurrence: This species was very rare occurring only 
in one collection at station 2 in April 1970. 
Gomphonema constrictum Ehr. 
Voucher Specimen: slide 5-24-68 #1, I.S.U, Diatom 
Herbarium. 
Illustration: Mayer 1928, plate 1, Figures 1 and 2. 
Distribution and Ecology: Uncommon from Lake Okoboji 
(Stoermer I963). Ohl (1965) found it frequently in one 
pond. Cosmopolitan, oligohalobe, littoral form, pH range 
undetermined (Hustedt 1938b). Current and salt indifferent, 
alkaliphil (Foged 1948b). j/rgensen (1948) found a pH range 
of 6 to 9 for this species. Cholnoky (1968) says that the 
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optimum is 8. This species was reported from oligosaprobic, 
beta- and alpha-mesosaprobic waters (Foged 1954). 
Oligohalobe, (indifferent) alkaliphil, and oligosaprobe 
(Hustedt 1957). 
Occurrence: This species was a dominant during the 
summer of 1968 in ditch 1. It occurred rarely at station 2 ,  
and in low numbers from stations 1 and 3 in the 1969-1970 
collections. It reached a maximum in relative abundance at 
stations 1 and 3 in the late fall and winter. 
Gomphonema constrietum var. capitaturn (Ehr.) CI. 
Voucher Specimen; slide 11-5-67 #8 duplicate #3, I.S.U. 
Diatom Herbarium. 
Illustration: Hustedt 1930, p. 378, Figure 715. 
Distribution and Ecology: Very rare in bottom collec­
tions from Lake Okoboji (Stoermer 1963). Infrequent in most 
of the ponds investigated by Ohl (I965). Ecologically 
similar to the nominate variety (Hustedt 1957). 
Occurrence: Observed only in a November, 1967 collec­
tion from inside the culvert entering ditch 2. 
Gomphonema gracile Ehr. 
Voucher Specimen: slide 4-3-70 #2s, I.S.U. Diatom 
Herbarium. 
Illustration; Mayer 1928, plate 4, Figures 1 through 
3. 
Distribution and Ecology: Common in littoral collec­
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tions from Lake Okoboji (Stoermer I963). Frequent occurrence 
in Iowa farm ponds (Ohl 1965). Cosmopolitan, oligohalobe, 
littoral form observed in massive growth from a pH range of 
5.5 to 8.9 (Hustedt 1938b). Limnobiont (Foged 195^ ). 
Cholnoky (1968) reports the pH optimum to be around 7 . 2  to 
7.4. Oligohalobe (indifferent but approaching halobion 
character (Hustedt 1957). 
Occurrence: I found this taxon rarely at station 2. 
Gomphonema gracile var. lanceolata (Kutz.) CI. 
Voucher Specimen; slide 8-22-69 #1, I.S.U. Diatom 
Herbarium. 
Illustration; Mayer 1928, plate 4, Figure 8. 
Distribution and Ecology: This taxon has been reported 
from Iowa only by Pee (1967). Ecology is unreported for 
this variety. 
Occurrence: This taxon was found only in the August 22 
collection from station 1. 
Gomphonema insigne Greg. 
Voucher Specimen; slide 2-20-70 #3s, I.S.U. Diatom 
Herbarium. 
Illustration; Mayer 1928, plate 3 ,  Figure 20. 
Distribution and Ecology; A rare diatom in Iowa farm 
ponds (Ohl 1965). Reported by Fee (1967) from Dutch Creek. 
Ecology is unknown for this speoies. 
Occurrence: This entity was collected from only one 
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sample at station 2. At stations 1 and 3 It was observed 
almost continuously from September to March and was not 
encountered at either station from April through August 
(Figure 23), At station 1 a small density maximum was 
q 2 
observed on September 1 9 ,  7.8 x 10^  cells/cm . The maximum 
relative density, 3.8 percent, occurred on September 24. 
G. insigne was most abundant at station 3 on November 14, 
1.8 X 10^  cells/cm^ . The greatest relative abundance, 
15.4 percent, was seen on October 24. 
Gomphonema intricatum Kutz. 
Voucher Specimen: slide 4-17-70 #4, I.S.U. Diatom 
Herbarium. 
Illustration; Mayer 1928, plate 4, Figures 11 and 12. 
Distribution and Ecology: Frequent in most of the ponds 
investigated (Ohl 1965). Found in the warm pools of Silver 
Lake Pen (Shobe et al. 1963). Salt indifferent, alkaliphil, 
limnobiont (Foged 1948b). Optimum pH between 7.2 and 7.3 
(Cholnoky I968). Oligohalobe (indifferent), alkaliphil, 
saproxene (Hustedt 1957). 
Occurrence: Observed rarely in collections from station 
2 in spring 1970. 
Gomphonema intricatum var. pumila Grun. 
Voucher Specimen: slide II-5-67 #8 duplicate #2, I.S.U. 
Diatom Herbarium. 
Illustration: Mayer 1928, plate 4, Figures 27 and 28. 
Figure 23. Density of Gomphonema insigne at stations 1 and 
3. The symbol ns indicates that no sample was 
available on that date 
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Distribution and Ecology: Common in littoral regions 
of Lake Okoboji (Stoermer 1963) and frequent from Iowa ponds 
(Ohl 1965). Common from the Des Moines River (Drum 1964). 
Calcium indifferent (Niessen 1956). Cosmopolitan, littoral 
form, oligohalobe preferentially in standing alkaline 
water. Observed in a pH range of 5.5 to 8.6 with maximum 
development around 8 (Hustedt 1938b). Cholnoky (I968) says 
the pH optimum is around 7.2 to 7.3. Salt indifferent, 
alkaliphil, limnobiont (Foged 1948b). 
Occurrence: Observed only in the November I967 collec­
tion from the culvert in ditch 2. 
Gomphonema intricatum var. vibro f. subcapitata Mayer 
Voucher Specimen; slide 11-5-67 #1 duplicate #1, 
I.S.U. Diatom Herbarium. 
Illustration: Mayer 1928, plate 4, Figures 17 and 18. 
Distribution and Ecology; This taxon has not previously 
been reported from Iowa; the ecology is unknown. 
Occurrence; Only one specimen of this taxon was 
encountered in November 1967 in ditch 2. It looks as 
though it could be an auxospore cell of G. constrictum. 
Gomphonema lance0latum var. insignis (Greg.) CI. 
Voucher Specimen; slide 5-24-68 #3, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 374, Figure 701. 
Distribution and Ecology: Reported from Iowa only by 
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Drum (1964). Cosmopolitan, oligohalobe, littoral and 
stream form. Eurytopic in relation to pH but observed in 
large growths from a pH of 6.5 to 8.4 (Hustedt 1938b), 
Optimum pH around 8 (Cholnoky 1968). 
Occurrence: Observed occasionally from stations 1 and 
3. During the summer of 1968 it was found in large numbers 
from ditches 1 and 3. 
Gomphonema mexicanum Grun. 
Voucher Specimen; slide 11-5-6? #8 duplicate #4, I.S.U. 
Diatom Herbarium. 
Illustration: Van Heurck 188O-I88I, plate 24, Figure 3. 
Distribution and Ecology: Uncommon from the littoral 
zone of Lake Okoboji (Stoermer 1963). The ecology of this 
species is unknown. 
Occurrence: Observed only in a November 1967 sample 
form the culvert entering ditch 2. 
Gomphonema montanum var. acuminatum fPer. and Heribaud) Mayer 
Voucher Specimen: slide 11-5-67 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Mayer 1928, plate 3, Figures l4 and 15. 
Distribution and Ecology: This species has not 
previously been reported from Iowa and its ecology is unknown. 
Occurrence: This taxon was observed only in ditch 2 in 
a November 1967 sample. 
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Gomphonema montanum var. subclavata Grun. 
Voucher Specimen: slide 5-24-68 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Mayer 1928, plate 3 ,  Figure 10. 
Distribution and Ecology: This species has not pre­
viously been reported from Iowa and its ecology is unknown. 
Occurrence: It was observed at all three stations in 
small numbers, found most often in late fall and early 
winter. This taxon can best be identified by its undulating 
raphe. 
Gomphonema olivaceum ( Lyngb. ) Kiitz. 
Voucher Specimen: slide 11-5-67 #5 duplicate #1, 
I.S.U. Diatom Herbarium. 
Illustration: Hustedt 1930, p. 378, Figure 719. 
Distribution and Ecology; Especially abundant in the 
winter on rocks in the littoral zone (Stoermer 1963). Very 
rare from three ponds investigated (Ohl 1965). It was the 
most important attached diatom in the Des Moines River and 
developed massive colonies only when the water temperature 
was 10° C or less (Drum 1964). Alkalibiont (Scheele 1952) 
and (Poged 1948b). Pjerdingstadt (1950) found the taxon 
in beta- and alpha- mesosaprobic waters but Hustedt (1957) 
indicates that the species is an oligosaprobe and 
alkalibiont. 
Occurrence: I found this taxon only in a collection 
from the culvert entering ditch 2 in November 1967. 
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Gomphonema parvulum (Kùtz.) Grim. 
Voucher Specimen: slide 6-7-68 #3, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 37^ , Figure 713a. 
Distribution and Ecology: Very common in littoral 
collections of Lake Okoboji (Stoermer 1963). One of the 
commonest diatoms from Iowa farm ponds (Ohl 1965). Also 
abundant in the Des Moines (Drum 1964) and Skunk Rivers 
(Shobe 1967). Cosmopolitan, indifferent, and euryhaline. 
Eurytopic in relation to water type. Observed in massive 
growths in water with a pH of 5.5 to 8.5. The great 
adaptability of the species accounts for its variability 
(Hustedt 1938b). Euryhaline and rheophil (Scheele 1952) 
and (Poged 1948a). Halophil and mesosaprobe (Budde 1930a, 
1931). This taxon may live in brackish water and has a pH 
optimum of 7.8 to 8.2. It is a facultative nitrogen 
heterotroph and may be an indicator of pollution (Cholnoky 
1968), Butcher (1947) indicates that this is one of the 
most resistant diatoms to polysaprobic conditions. It is 
tolerant rather than dependent as it is found in clean water 
also. Wallace and Patrick (1950) discuss the difficulties 
involved in identifying this highly variable species. 
Occurrence: This taxon appeared frequently at all 
three stations (Figure 24). A maximum was observed at 
5 2 
station 1 on September 19, 1.9 x 10 cells/cm and 15 percent 
Figure 24. Density of Gomphonema parvulum at stations 1, 
2, and 3. The symbol ns Indicates that no 
sample was available on that date 
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of the count. At station 2 a much greater fall maximum was 
6 2 
observed on October 10, 1.1 x 10 cells/cm and 98.2 percent 
of the specimens counted. At station 3 there was a small 
fall pulse and a maximum in the spring. The greatest density 
was observed April 17, 3.9 x 10^  cells/cm^ . The relative 
abundance reached a maximum of 61.4 percent on February 20. 
The massive abundance of G. parvulum at station 2 occurred 
at the same time as the greatly increased organic load and 
replaced a dense population of G. angustatum. I had a great 
deal of difficulty separating these two taxa during this 
period of transition and many intermediates between the two 
were observed. Wallace and Patrick (1950) indicate that 
the broader capitate apex of G. angustatum and the wide 
space around its central stria are distinctive enough char­
acters to separate the two species. I found the breadth of 
the capitate apex to be intergrading and in some intact 
frustules the two valves varied radically with respect to 
the spaces around the central stria. Using the latter 
character as a basis of separation the two valves on some 
of the specimens observed would be placed into different 
species. This leads me to the conclusion that either these 
two taxa are highly variable and under certain conditions 
may appear morphologically the same or that they are indeed 
the same species and that their great variability in morpho­
logical expression is a result of environmental changes. 
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Figure 25 displays the variability of the taxon which was 
enumerated as G^ . parvulum in this study. 
Gomphonema turris Ehr. 
Voucher Specimen: slide 4-17-70 #2s, I.S.U. Diatom 
Herbarium. 
Illustration: Mayer 1928, plate 3, Figures 1 and 2. 
Distribution and Ecology; This entity has not been 
previously reported from Iowa and the ecology is not known. 
Occurrence; This taxon occurred rarely only at station 
2 .  
Gomphonema validum var. elongata 01, 
Voucher Specimen: slide 4-17-70 #4, I.S.U. Diatom 
Herbarium. 
Illustration; Schmidt I887, plate 240, Figure 21. 
Distribution and Ecology; This taxon has not been 
reported previously from Iowa and its ecology is not 
known. 
Occurrence: The species appeared only at station 2 in 
very small numbers in the spring of 1970. 
Gyrosigma Hassal 
Gyrosigma scalproides (Rabh.) 01. 
Voucher Specimen: slide 3-6-70 #3s, I.S.U. Diatom 
Herbarium. 
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Figure 25. Variability In Gomphonema parvulum. The numbers Indicate length 
breadth ratios 
Gomphonema 
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parvulum (Kutz.) Grun. 
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Distribution and Ecology: Pound in one collection from 
Lake Okobojl (Stoermer 1963). Ohl (I965) found it frequently 
in two Iowa farm ponds. He considers it a resident of highly 
oxygenated waters. Drum (1964) commonly found this taxon in 
the Des Moines River. A rather widely distributed taxon more 
characteristic of flowing water habitats (rheophil?) which 
are circumneutral or slightly alkaline (Patrick and Reimer 
1966). Salt indifferent, rheophil (Poged 1948b). Oligohalobe 
(indifferent), alkaliphil, oligosaprobe (Hustedt 1957). 
Cholnoky (I968) puts the pH optimum between 8.3 and 8.6. 
Occurrence; Pound only occasionally from stations 1 and 
3 in samples from the bottom. 
Hantzschia Grunow 
Hantzschla amphioxys (Ehr.) Grun. 
Voucher Specimen: slide 5-10-68 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 394, Plgure 747. 
Distribution and Ecology: Reported as being common but 
not in large numbers by Stoermer (1963), Ohl (I965), and Drum 
(1964). Also reported by Dodd and Stoermer (1962) from a 
moss-lichen habitat. Cosmopolitan, oligohalobe with extra­
ordinary adaptability and it is therefore an ubiquitous 
diatom. Pound in a pH range of 5.5 to 9.2. It is a common 
o 4 T 4- 44-a A 1  ^4  ^ 1 o ^ 4* W* W A. W ^ K* VK V A 1W W U. ^ X 1 W WW U ^ 
1938b). The most widespread soil diatom, being found in the 
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soil in all parts of the world (Petersen 1935). 
Occurrence: This entity was observed from almost every 
sample but never in large numbers. 
Hantzschia amphioxys f. capita ta 0. Miill. 
Voucher Specimen: slide 11-5-6? #1 duplicate #1, I.S.U. 
Diatom Herbarium. 
Illustration: Hustedt 1930, p. 39%, Figure 748. 
Distribution and Ecology: Stoermer (1963) and Ohl 
(1965) report about the same distribution as the nominate 
variety. Like the species (Poged 1948b). 
Occurrence: Observed at all three stations but less 
abundant than the nominate variety. 
Hantzschia amphioxys var. maior Grun. 
Voucher Specimen: slide 3-20-70 #3s, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 394, Figure 749. 
Distribution and Ecology: Reported from Iowa only by 
Dodd and Stoermer (1962) and Stoermer (1963). Foged (1948b) 
indicates that it is ecologically similar to the nominate 
variety. 
Occurrence: This variety was observed only at stations 
2 and 3 in very small numbers. 
Hantzschia amphioxys var. vivax (Hantz.) Grun. 
VOUFÎHER SNENLMEN? T TT 
Herbarium. 
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Illustration: Hustedt 1930, Figure 750. 
Distribution and Ecology: Rare in Lake Okoboji 
(Stoermer 1963) and in lowa ponds (Ohl 1965). Ecology is 
unknown. 
Occurrence: Pound very rarely from stations 1 and 2. 
Melosira Agardh 
Melosira granulata (Ehr.) Ralfs 
Voucher Specimen: slide 11-24-69 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 87, Figure 44. 
Distribution and Ecology: A plankton dominant in areas 
of Lake Okoboji (Stoermer 1963). Ohl found it in several 
Iowa ponds. It was a dominant during some periods in the 
Des Moines River (Drum 1964). A plankton form of eutrophic 
lakes (Hustedt 1957). A pH range of 6.3 to 9.O, alkaliphilous 
(J/rgensen 1948). 
Occurrence: Valves and valve fragments were rarely seen 
at stations 1 and 2. Most specimens were in poor condition 
and may have been fossils. 
Melosira varlans C. A. Ag. 
Voucher Specimen: slide 2-20-70 #ls, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 86, Figure 4l. 
Distribution and Ecology: Common in Lake Okoboji from 
shallow areas and wave-washed rocks (Stoermer 1963). Not 
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seen in large numbers from Iowa ponds (Ohl 1965). A littoral 
form of eutrophic waters, beta-mesosaprobe (Hustedt 1937). 
Often a saprophyte in massive occurrence (Hustedt 1957) and 
(Simonsen 1962). Hornung (1959) found this taxon with a 
large ecological span from massive growths in eutrophic 
waters in summer to catharobic waters in January and February. 
Cholnoky (1968) indicates that this is the only member of 
the genus that can become frequent in eutrophic water. It 
is probably an obligate nitrogen heterotroph. 
Occurrence: This taxon was one of the most important 
diatoms at station 1. It was present in the samples year 
round and in the summer the ditch was choked by massive 
growths of it. It reached a maximum (Figure 26) of 2.1 x 10^  
cells/cm on August 29, and at this time there was evidence 
of widespread auxospore formation. On December 12 the rela­
tive abundance was a maximum, 49.2 percent of the community. 
At station 3^  one short-lived pulse was observed on July 25, 
1.5 X 10^  cells/cm^ , 6.6 percent of the community. After 
this M. varians remained present at low levels. This taxon 
was observed from only two samples from station 2. 
The massive growth of this species at station 1 shows 
that the presence of large numbers of this species is not 
necessarily an indication of mesosaprobic conditions. 
Merldlon clrculare (Grev.) AK. 
Voucher Specimen; slide 3-13-70 #ls, I.S.U. Diatom 
Figure 26. Density of Melosira varians at stations 1 and 
3. The symbol ns indicates that no sample 
was available on that date 
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Herbarium. 
Illustration: Patrick and Reimer 1966, plate 2, 
Figure 15. 
Distribution and Ecology: Rare from Lake Okoboji 
(Stoermer 1963) but common from the Des Moines River (Drum 
1964). A cosmopolitan species preferring flowing water 
(Hustedt 1938). Seems to prefer flowing fresh water (Patrick 
and Reimer 1966). Alkaliphil, rheobiont (Foged 1954) and 
(Scheele 1952). Oligohalobe, saproxene, alkaliphil, rheophil 
(Hustedt 1957). Spring maxima were reported by (Schroeder 
1939) and (Haabe 1951). 
Occurrence; Spring maxima of this species were observed 
at all three stations (Figure 27). At station 1 the maximum 
was observed on May I6, 7.8 x 10^  cells/cm^ . A maximum 
C p 
occurred at station 2 on May 30, 3.7 x 10^  cells/cm . The 
maximum occurred on April 3 at station 3, 1.8 x 10^  cells/cm^ . 
The scarcity of this species at stations 2 and 3 during the 
fall and winter may indicate an adverse reaction to the 
increased organic load. It remained present at station 1 
during this period. 
Navicula Bory 
Navicula abiskoensis Hust. 
Voucher Specimen: slide 4-17-70 #2s duplicate #3, 
I.S.U. Diatom Herbarium. 
Illustration; Hustedt 1966, p. 807, Figure 1777. 
Figure 27. Density of Merldion circulare at stations 1, 2, 
and 3. The symbol ns indicates that no sample 
was available on that date 
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Distribution and Ecology: This species is widely 
distributed in the state. It is most common in springs and 
small streams but has also been recorded, in lesser numbers, 
from most of the lakes and rivers investigated (Stoermer 
1964), The ecology is unknown. 
Occurrence; I found this species only in the spring 
of 1970 at station 2. 
Navicula accomoda Hust. 
Voucher Specimen: slide 6-7-68 #2, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 44, 
Figure 7. 
Distribution and Ecology: Pound on the mud bottoms of 
almost all ponds Investigated (Ohl 1965). Raschke (I968) 
found this taxon to be common in the tertiary ponds at the 
municipal sewage treatment plant in Ames, Iowa. Grows well 
In the presence of organic pollution (Patrick and Reimer 
1966). Probably an obligate nitrogen heterotroph (Cholnoky 
1968). Alkaliphll and saprophytic (Hustedt 1957). J/rgensen 
(1952) found it a common Inhabitant of sewage treatment plant 
trickling filters. 
Occurrence: This entity was observed infrequently at 
all three stations. It appeared most often in the spring 
at stations 1 and 3 and in the winter at station 2. 
129 
Navlcula amerlcana Ehr. 
Voucher Specimen; slide 11-5-67 #1 duplicate #2, I.S.U. 
Diatom Herbarium. 
Illustration: Patrick and Reimer 1966, plate 47, 
Figure 3. 
Distribution and Ecology; Reported from Iowa only in 
fossil material (Collins 1968). Cosmopolitan, oligohalobe, 
littoral form found in the pH range of 5.8 to 8 (Hustedt 
1938a). Oligohalobe (indifferent), alkaliphil in water of 
circumneutral pH (Patrick and Reimer 1966). 
Occurrence; Very rare at stations 1 and 2. 
Navicula amphibola CI. 
Voucher Specimen; slide 4-17-70 #2s duplicate #2, 
I.S.U. Diatom Herbarium. 
Illustration; Patrick and Reimer 1966, plate 39, Figures 
9 and 10. 
Distribution and Ecology: Reported as very rare from 
Lake Okoboji (Stoermer 1963). Circumneutral pH; oligohalobe 
to indifferent (Patrick and Reimer 1966). Salt and current 
indifferent (Foged 1948b). Cholnoky (I968) reports this 
taxon as a brackish water diatom. 
Occurrence: Found only in the spring of 1970 at station 
2 in small numbers. 
Navicula anglica var. subsalsa (Grun.) CI. 
Voucher Specimen: slide 11-5-67 #5, I.S.U. Diatom 
Herbarium. 
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Illustration: Patrick and Reimer I966, plate 49, 
Figure 520. 
Distribution and Ecology; This species has only been 
reported from Iowa by Stoermer (1963). In hard or slightly 
brackish water, circumneutral pH (Patrick and Reimer 1966). 
It may be a brackish-water form (Cholnoky 1968). 
Occurrence: Pound only rarely from ditch 2. 
Navicula bacilloides Bust. 
Voucher Specimen: slide 5-17-68 #4, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt I961, p. 117, Figure 1250. 
Distribution and Ecology: Reported from the Des Moines 
River by Drum (1964), The ecology is unknown. 
Occurrence: Found only in one sample from ditch 3, 
May 1968. 
Navicula biconica Patr. 
Voucher Specimen: slide 11-28-69 #3, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 44, 
Figure 8. 
Distribution and Ecology: Reported in Iowa only from 
the Des Moines and Skunk Rivers by Drum (1964) and Shobe 
(1967) respectively. Pound in soft and circumneutral waters 
(Patrick and Reimer 1966). 
Occurrence: This species was observed in small numbers 
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from stations 1 and 3. 
Navlcula capitata Ehr. 
Voucher Specimen: slide 11-24-69 #1, I.S.U. Diatom 
Herbarium, 
Illustration: Patrick and Reimer 1966, plate 52, 
Figure 2. 
Distribution and Ecology; Reported from the Des Moines 
River (Gudraundson 1969). Seems to tolerate a wide variation 
in the chemistry of the water (Patrick and Reimer I966). 
Halophil (Budde 1930a). Catharobic as N. hungarica var. 
capitata (Ehr.) CI. (PJerdingstadt 1950). 
Occurrence; Observed very rarely from stations 1 and 3. 
Navicula capitata var. hungarica (Grun.) Ross 
Voucher Specimen; slide 2-6-70 #ls, I.S.U. Diatom 
Herbarium. 
Illustration; Patrick and Reimer 1966, plate 52, 
Figure 3. 
Distribution and Ecology; Common on the bottom of 
shallow areas in Lake Okoboji (Stoermer 1963) and in many 
of the ponds investigated by Ohl (1965). Cosmopolitan, 
indifferent littoral form of alkaline waters (Hustedt 
1938a). Reported to be a halophil by (Petersen 19^ 3) and 
(Budde 1930a) but Hustedt (1957) and Simonsen (1962) classify 
it as an indifferent oligohalobe. Scheele (1952) and Poged 
(1948b) characterize this variety as a rheophil. 
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Occurrence: This taxon was observed occasionally from 
stations 1 and 2 but grew in larger numbers at station 3 
(Figure 28). It reached a density maximum on December 19, 
9.0 X 10^  cells/cm^ . On January 2 the relative abundance 
reached a maximum 12.8 percent. This winter density maximum 
occurred just before the thick ice cover stopped sampling 
at this station; and the total density of diatoms was low at 
this time. 
Navicula cryptocephala Kiitz. 
Voucher Specimen; slide 9-19-69 #3^  I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 48, 
Figure 3. 
Distribution and Ecology; Uncommon from Lake Okoboji 
(Stoermer 1963). One of the commonest diatoms from Iowa 
farm ponds (Ohl 1965). Abundant in collections from the 
Des Moines River (Drum 1964). Cosmopolitan, oligohalobe 
(indifferent), ubiquitous in fresh water (Hustedt 1938a). 
Widely distributed in lakes, bogs, and rivers, fresh to 
slightly brackish water (Patrick and Reimer I966). Found 
in catharobic to alpha-mesosaprobic waters (PJerdlngstadt 
1950). May reach high frequency in strongly eutrophic 
water; optimum pH around or slightly less than 8 (Cholnoky 
1968). 
Occurrence; Only one specimen was observed at station 1. 
Figure 28. Density of Navicula capitata var. hungarlca 
at station 3. The symbol ns indicates that no 
sample was available for that date 
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Navlcula cryptocephala f. terrestrls Lund 
Voucher Specimen; slide 3-20-70 #3s, I.S.U. Diatom 
Herbarium. 
Illustration: Lund 1945, p. 87, Figures H-W. 
Distribution and Ecology: This species has not 
previously been reported from Iowa and its ecology is not 
known. 
Occurrence: This taxon occurred at all three stations 
and was seen most commonly in the samples from late fall and 
winter. It was encountered most often at station 2. 
Navicula cryptocephala var. veneta ( Kiitz. ) Rabh. 
Voucher Specimen: slide 3-6-70 #4, I.S.U. Diatom 
Herbarium. 
Illustration; Patrick and Reimer 1966, plate 48, 
Figure 5. 
Distribution and Ecology: Very common from Lake Okoboji 
(Stoermer I963). Observed in small numbers from Iowa ponds 
(Ohl 1965). Drum (1964) found it commonly in collections 
from the Des Moines River. It seems to prefer brackish 
water, also found in fresh water of high mineral content 
(Patrick and Reimer 1966). It prefers saline water in the 
temperate zone and is an aerophil and crenophil in Sumatra 
(Hustedt 1938a). Alkaliphil, rheobiont (Poged 1964). 
Occurrence! This species v.'a.s observed at all three 
stations and was most abundant at station 1 in late fall and 
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winter. 
Navicula cuspldata (Kutz.) Kutz. 
Voucher Specimen: slide 5-17-68 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 269, Figure 433. 
Distribution and Ecology: Found most commonly from 
bottom material in Lake Okoboji (Stoermer 1963) and Iowa farm 
ponds (Ohl 1965). Cosmopolitan, indifferent, littoral form, 
especially in standing alkaline water (Hustedt 1938a). 
Tolerant of a wide range of fresh water conditions (Patrick 
and Reimer I966). Bock (1952) indicates that the pH range 
for this species is from slightly less than 7 to over 9. 
Cholnoky (1968) says the optimum is between 8.3 and 8.6. 
Occurrence : Observed only very rarely from all three 
stations. 
Navicula cuspidata var. ambigua (Ehr.) CI. 
Voucher Specimen: slide 5-24-68 #3, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 269, Figure 434. 
Distribution and Ecology: Pound in the same habitats 
as the nominate variety but with less abundance in Lake 
Okoboji (Stoermer I963) and (Ohl 1965). Alkaliphil (Foged 
1948b). Ecology is similar to the nominate variety 
 ^. ( nholnnlTTr . 
Occurrence: Specimens of this entity were seen from 
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all three stations but appeared to be less common than the 
nominate variety. 
Navlcula cuspidata var. heribaudii Peragallo 
Voucher Specimen: slide 11-5-67 #4^  I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1961, p. 62, Figure 1207. 
Distribution and Ecology: Reported from the Des Moines 
River by Drum (1964) and in fossil material by Collins (1968). 
The ecology of this variety is unknown. 
Occurrence; This variety was rare in collections from 
all three stations, occurring as isolated valves or, in some 
instances, as intact frustules in which one valve was the 
nominate variety and the other valve was the variety, 
heribaudii. In frustules such as this a craticular plate 
was always present between the valves. No specimens were 
observed in which both valves were of the heribaudii variety. 
Hustedt (1961) indicates that this variety results from the 
formation of the craticular plate, and may be a mutation 
particular to this phenomenon. N. cuspidata is presently 
in culture and attempts are being made to establish the 
validity of the variety heribaudii. 
Navlcula decussis Ostr. 
Voucher Specimen: slide 3-6-70 #ls, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 49, 
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Figure 15. 
Distribution and Ecology: Connnon from shallow sheltered 
areas of Lake Okoboji (Stoermer 1963) but only observed from 
one of the investigated farm ponds (Ohl I965). Fresh water, 
circumneutral pH (Patrick and Reimer 1966). Oligohalobe 
(indifferent), alkaliphil, oligosaprobe (Hustedt 1957). 
Occurrence: Observed only rarely from stations 1 and 3. 
Navicula elginensis (Greg.) Ralfs 
Voucher Specimen: slide 5-24-68 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 50, 
Figure 3. 
Distribution and Ecology: Reported by Gudmundson (1969) 
from the Des Moines River. Tolerant of a wide range of con­
ditions in fresh to slightly brackish water (Patrick and 
Reimer I966). 
Occurrence: This taxon was observed occasionally from 
ditch 1 and rarely from ditches 2 and 3. 
Navicula exigua var. capitata Patr. 
Voucher Specimen: slide 12-12-69 #2, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 49, 
Figure 24. 
Distribution and Ecology: Reported as uncommon from 
the Des Moines River (Starrett and Patrick 1952). Also 
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observed In Lake Okoboji in small numbers (Stoermer 1963). 
The ecology of this species is poorly known. 
Occurrence : Observed only from the December 12 sample 
from station 2. 
Navicula heufleri Grun. 
Voucher Specimen: slide 5-17-68 #4, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer I966, plate 49, 
Figure 6. 
Distribution and Ecology: Reported from Iowa only as 
a fossil by Collins (1968). Prefers alkaline or slightly 
brackish water (Patrick and Reimer I966). 
Occurrence: This species was common in collections from 
station 3 in I968 but rare in 1969. 
Navicula lanceolata (Ag.) Kutz. 
Voucher Specimen: slide 5-17-68 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer I966, plate 48, 
Figure 19. 
Distribution and Ecology: Common in several collections 
from Lake Okoboji (Stoermer 1963) and in most of the ponds 
investigated by Ohl (I965). Cosmopolitan, indifferent, 
littoral form of alkaline water (Hustedt 1938a). Widely 
distributed in fresh or slightly brackish water; seems to 
prefer water of high mineral content (Patrick and Reimer 
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1966). Salt indifferent, alkaliphil, limnophil (Foged 1948b). 
JpJrgensen (1948) found the taxon in a pH range of 6.3 to 9-0. 
The optimum is about 8 (Cholnoky 1968). Oligohalobe (indif­
ferent), alkaliphil, saproxene (Hustedt 1957). 
Occurrence: Common at station 1, particularly in the 
winter and spring. Observed at stations 2 and 3 in lesser 
numbers. 
Navicula menisculus Schumann 
Voucher Specimen: slide II-7-69 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 300, Figure 517. 
Distribution and Ecology; Common from littoral collec­
tions in Lake Okoboji (Stoermer 1963), but infrequent in farm 
ponds (Ohl 1965). Cosmopolitan, oligohalobe, and ubiquitous 
throughout alkaline waters (Hustedt 1938a). Foged (1954) 
indicates that it is rheophilous but Hustedt (1957) states 
that the taxon is indifferent to streamflow. The pH range 
is 7.2 to 8.2 (j/rgensen 1948) and the optimum is around 8 
(Cholnoky I968). 
Occurrence: Observed occasionally from all three 
stations. 
Navicula menisculus var. upsaliensis (Grun.) Grun. 
Voucher Specimen; slide 12-5-67 #7, I.S.U. Diatom 
Herbarium. 
Illustration; Patrick and Reimer 1966, plate 49, 
I4l 
Figures 17 and l8. 
Distribution and Ecology: Ohl (1965) found this variety 
as a spring dominant in one pond. Shobe (I967) reported it 
from the Skunk River. The ecology of this variety is unknown. 
Occurrence: Observed rarely at all three stations. 
Navicula minuscula Grun. 
Voucher Specimen: slide 4-3-70 #4, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1962, p. 254, Figure 138I. 
Distribution and Ecology: Ohl (1965) observed this 
species frequently from one of the farm ponds investigated. 
Widely distributed in fresh water (Patrick and Reimer 1966). 
Oligohalobe (indifferent?), alkaliphil, saproxene (Hustedt 
1957). 
Occurrence: Observed at all three stations but most 
commonly at station 1 in the winter and spring. This 
species was often observed in a gelatinous matrix that was 
somewhat resistant to peroxide cleaning. 
Navicula mobiliensis var. minor Patr. 
Voucher Specimen: slide II-5-67 #5, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 42, 
Figure 12. 
Distribution and Ecology: Reported only from the type 
locality. 
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Occurrence: Observed from one collection from ditch 2 
in 1967. 
Navicula mutica Kiitz. 
Voucher Specimen: slide 3-6-70 #4, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 42, 
Figure 2. 
Distribution and Ecology; Found in many farm ponds, 
but never common (Ohl I965). Dodd and Stoermer (1962) report 
this species from a moss-lichen habitat. An ubiquitous 
diatom. It does well in fresh alkaline and brackish waters. 
It reaches massive development in highly aerated waters but 
is also frequently in the soil (Hustedt 1938a). Found in 
fresh, brackish, and alkaline water, often an aerophil (Patrick 
and Reimer 1966). Optimum pH around 8.5 (Cholnoky 1968). 
Oligohalobe to halophil (Budde 1933). 
Occurrence: Observed rarely at all three stations. 
Navicula mutica var. cohnii (Hilse) Grun. 
Voucher Specimen: slide 11-7-69 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer I966, plate 42, 
Figure 3. 
Distribution and Ecology: Reported as uncommon in farm 
ponds (Ohl 1965) and in the Des Moines River (Drum 1964). 
Pound in fresh, brackish, and alkaline water (Patrick and 
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Reimer 1966). Ecologically as the nominate variety, however 
a polyoxybiont (Hustedt 1957). 
Occurrence: Only one specimen observed from station 1. 
Navicula mutica var. undulata (Hilse) Grun. 
Voucher Specimen: slide 5-17-68 #2, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 42, 
Figure 6. 
Distribution and Ecology: This taxon has not previously 
been reported from Iowa. Pound in slightly brackish or hard 
water rich in nutrient salts (Patrick and Reimer 1966). 
Occurrence: Only one specimen of this variety was 
encountered, at station 2 in May 1968. 
Navicula [cf. nitrophila (Boyer) Petersen] 
Voucher Specimen: slide 12-26-69 #2s, I.S.U. Diatom 
Herbarium, 
Illustration: Hustedt 1962, p. 245, Figure 1370. 
Distribution and Ecology: This species has not previously 
been reported from Iowa. Ecology is unknown. 
Occurrence: Only a few specimens were observed from 
station 2. 
Navicula odiosa Wallace 
Voucher Specimen: slide 11-7-69 #3» I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 48, 
Figure l8. 
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Distribution and Ecology: This taxon is previously 
unreported from Iowa. It seems to prefer water of high 
conductivity (Patrick and Reiraer 1966). 
Occurrence: Observed only in one November sample from 
station 3. 
Navicula pelliculosa (Breb. ex. Kiitz.) Hilse 
Voucher Specimen: slide 4-3-70 #4, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt I962, p. 173, Figure I305. 
Distribution and Ecology: Frequent in two ponds of 
southern Iowa, but rare in ponds located on the Wisconsin 
drift (Ohl 1965). Abundant in the Des Moines River (Drum 
1964). Widely distributed in fresh water; seems to prefer 
water of high mineral content (Patrick and Reimer 1966). 
Oligohalobe (indifferent), alkaliphil, oligosaprobe (Hustedt 
1957). Optimum pH around or slightly over 8. Hornung (1959) 
indicates the taxon may have a preference for lotie waters. 
Occurrence: This taxon was observed in small numbers 
from stations 2 and 3 but was an important spring dominant 
at station 1 (Figure 29). Early in March N, pelliculosa 
began to grow in large numbers on the bottom of ditch 1 near 
the culvert. By late May massive colonies could be seen 
rising from the mud bottom of the ditch and floating down­
stream. By the end of June, however, N. pelliculosa became 
a rare taxon in collections from this ditch. This same 
Figure 29. Density of Navicula pelllculosa at station 1. The symbol ns indicates 
that no sample was available for that date 
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pattern of massive spring pulse was observed in three 
successive years. The maximum density occurred at station 1 
on May l6, 2.7 x 10^  cells/cm^ . The maximum relative 
abundance was 28.6 percent on May 23. 
Navicula pseudoreinhardtii Patr. 
Voucher Specimen: slide 2-27-70 #ls, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 49, 
Figure 11. 
Distribution and Ecology: This diatom has not been 
reported previously from Iowa and its ecology is not known. 
Occurrence: Rare from station 2, common from stations 1 
and 3 but never observed in very large numbers. 
Navicula pupula Kutz. 
Voucher Specimen: slide 6-7-68 #2, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 47, 
Figure 7. 
Distribution and Ecology; Common from littoral collec­
tions of Lake Okoboji (Stoermer 1963) and from farm ponds 
in southern Iowa (Ohl 1965). Abundant in the Des Moines 
River (Drum 1964). Cosmopolitan, oligohalobe (indifferent), 
from ubiquitous occurrence (Hustedt 1938a). Seems to prefer 
fresh circumneutral water of fairly high mineral content; 
halophilous (Patrick and Reimer 1966). Found in a pH range 
148 
of 6.4 to 9.0 (j^ rgensen 1948). 
Occurrence: Rare at station 1 but common at stations 
2 and 3, especially during the fall and winter when the 
organic load increased at these two stations. 
Navicula pupula var. elliptica Must. 
Voucher Specimen: slide 5-17-68 #2, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 4?, 
Figure 11. 
Distribution and Ecology: An infrequent entity in the 
ponds of southern Iowa (Ohl 1965). Ecologically similar to 
the nominate variety. 
Occurrence: Rare, observed only from ditch 2. 
Navicula pupula var. rectangularis (Greg.) Grun. 
Voucher Specimen: slide 4-17-70 #2s duplicate #3, 
I.S.U. Diatom Herbarium. 
Illustration; Patrick and Reimer I966, plate 47, 
Figure 12. 
Distribution and Ecology: Reported by Gudmundson 
(1969) from the Des Moines River. ^ Seems to prefer water 
of higher mineral content than the nominate variety (Patrick 
and Reimer I966). 
Occurrence: Observed only occasionally from ditch 2. 
Navicula radiosa Kûtz. 
Voucher Specimen: slide 4-17-70 #2s duplicate #3, 
I.S.U. Diatom Herbarium. 
149 
Illustration: Patrick and Reimer 1966, plate 48, 
Figure 15. 
Distribution and Ecology: Common in littoral collections 
from Lake Okoboji (Stoermer 1963). Frequent in only one of 
the ponds investigated by Ohl (1965). Oligohalobe (indif­
ferent), pH indifferent, oligosaprobe (Hustedt 1957). Common 
in all types of circuimneutral fresh water; oligohalobous 
to indifferent to salt concentration (Patrick and Reimer 
1966). Indifferent to current (Scheele 1952) and (Poged 
1948b). 
Occurrence: Only one specimen observed from station 2 
in the April 17, 1970 collection. 
Navicula salinarum var. intermedia (Grun.) CI. 
Voucher Specimen: in author's herbarium. 
Illustration: Patrick and Reimer 1966, plate 48, 
Figure 2. 
Distribution and Ecology; Reported by Gudmundson 
(1969) from the Des Moines River, and by Shobe (1967) from 
the Skunk River. From water of high mineral content to 
brackish water (Patrick and Reimer I966). 
Occurrence: Observed very rarely from stations 1 and 3. 
Navicula seminulum var. Intermedia Bust. 
Voucher Specimen: slide 9-I9-69 #3, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1962, p. 243, Figure 1368. 
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Distribution and Ecology; Not previously reported from 
Iowa. Indifferent to pH (Foged 1954). 
Occurrence: Observed occasionally at station 3 and 
rarely at station 1. This taxon is quite variable but can 
be distinguished by its linear-elliptical shape and the 
coarseness and angle of the striae. 
Navicula tantula Hust. 
Voucher Specimen: slide 4-3-70 #4, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1962, p. 250, Figure 1375. 
Distribution and Ecology: Uncommon from Lake Okoboji 
(stoermer 1963) and common to infrequent in Iowa ponds (Ohl 
1965). Widely distributed in littoral waters with best 
development in well aerated, slightly acid waters (Hustedt 
1962). Oligohalobe (indifferent), pH indifferent, 
saproxene (Hustedt 1957). 
Occurrence: Observed infrequently from all three 
stations. 
Navicula tripunctata (O.F. Mull.) Bory 
Voucher Specimen: slide 6-7-68 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 49, 
Figure 3. 
Distribution and Ecology: Common in littoral collec­
tions from Lake Okobojl (Stoermer 1963) but infrequent from 
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Iowa ponds (Ohl 1965). Widely distributed in many kinds of 
fresh water, also in slightly brackish water (Patrick and 
Reimer I966). 
Occurrence: This taxon was observed rarely at station 
2 and infrequently at station 3- It was most common at 
station 1 in late fall and early winter but never observed 
in large numbers. 
Navicula [cf. vaucheriae Petersen] 
Voucher Specimen: slide 6-7-68 #3, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt I961, p. 158, Figure 1292. 
Distribution and Ecology: Not previously reported 
from Iowa. Hustedt (1957) indicates that this species is 
an aerophil. 
Occurrence: Observed at all three stations but only 
commonly from stations 2 and 3. 
Navicula viridula var. arguensis Skv. 
Voucher Specimen; slide 6-7-68 #3, I.S.U. Diatom 
Herbarium. 
Illustration: Skvortzow 1938, plate 1, Figure 33. 
Distribution and Ecology: Frequent in some ponds as a 
summer, bottom form (Ohl 1965). The ecology of the species 
is unknown. 
Occurrence: This taxon was observed occasionally from 
all three stations with no apparent preference for any 
season. 
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Navlcula vlrldula var. ros tel lata (Kiitz.) CI. 
Voucher Specimen; slide 3-27-70 #3s, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 48, 
Figure 12. 
Distribution and Ecology: Reported in fairly large 
numbers by Shobe (1967) from the Skunk River. J/rgensen 
(1948) found a pH range of 5.7 to 7.5 for this taxon. 
Occurrence: Only one specimen was observed, at station 
3 in a March 1970 collection. 
Navicula wittrockii (Lagst.) A. Cleve Euler 
Voucher Specimen: slide 4-17-70 #2s, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 196I, p. 125, Figure 1256. 
Distribution and Ecology: Found in small numbers from 
Lake Okoboji littoral collections (Stoermer 1963). Rare in 
Iowa farm ponds (Ohl 1965). Optimum pH of somewhat less 
than 6 (Cholnoky 1968). 
Occurrence: Only a few specimens of this taxon were 
observed at station 2 during the spring of I97O. 
Navicula sp. #3 
Voucher Specimen; slide 11-24-69 #1, I.S.U. Diatom 
Herbarium. 
Occurrence ; Observed at all three stations and in the 
greatest numbers at station 3. 
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Navlcula sp. #4 
Voucher Specimen; slide 8-15-69 #2, I.S.U. Diatom 
Herbarium. 
Occurrence: Uncommon at stations 1 and 3^  but appearing 
often at station 2. The greatest number of specimens were 
observed at this station in August and September. 
Navlcula sp. #5 
Voucher Specimen: slide 9-19-69 #3, I.S.U. Diatom 
Herbarium. 
Occurrence: This taxon was rare at station 2 but was 
common at stations 1 and 3 in the late summer and fall. This 
taxon looks as through it might fit into the small end of 
the size range of N. seminulum v. intermedia but type material 
of this taxon must be observed before a decision can be made. 
Navlcula sp. #8 
Voucher Specimen: slide II-7-69 #1, I.S.U. Diatom 
Herbarium. 
Occurrence: Observed very rarely at all three stations. 
This species is quite small and appears to have a lyrate 
central area. 
Navlcula sp. #9 
Voucher Specimen: slide II-5-67 #8 duplicate #5, I.S.U. 
Diatom Herbarium. 
Occurrence: Observed only in collections from ditch 2 
in 1967. 
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Navlcula sp. #10 
Voucher Specimen: slide 11-5-67 #8 duplicate #5, I.S.U. 
Diatom Herbarium. 
Occurrence: Only one specimen was observed in a 196? 
collection from ditch 2. The specimen is heavily silicified 
and may be an auxospore. 
Neidium Pfitzer 
Neldium affine (Ehr.) Pfitz. 
Voucher Specimen: slide 11-5-6? #4c, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer I966, plate 35, 
Figure 2. 
Distribution and Ecology; Pound infrequently in Lake 
Okoboji (Stoermer 1963) and a few Iowa farm ponds (Ohl 
1965). Cosmopolitan in a pH range of 5.5 to 8, however 
never observed in great numbers (Hustedt 1938b). Fresh 
water, most common in quiet water areas; pH "indifferent". 
Has not been observed in large numbers from any collection 
(Patrick and Reimer 1966). Optimum pH about 6 (Cholnoky 
1968). 
Occurrence: Observed very rarely from all three 
stations. 
Neidum affine var. amphirhynchus (Ehr.) CI. 
Voucher Specimen: slide 11-5-6? #4, I.S.U. Diatom 
Herbarium. 
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Illustration; Patrick and Reimer l66, plate 35, 
Figure 3. 
Distribution and Ecology: Rare from Lake Okoboji 
(Stoermer 1963). It was the most common member of the genus 
observed in Iowa farm ponds but was never found in large 
numbers (Ohl I965). Eurytopic alkaliphilous (indifferent?), 
apparently a bottom and littoral form of lakes, also found 
in small numbers in rivers and streams (Patrick and Reimer 
1966). Salt and pH indifferent, limnophil (Foged 1948b). 
Neidium affine var. bonsaensls Foged 
Voucher Specimen: slide 4-17-70 #2s duplicate #3, 
I.S.U. Diatom Herbarium. 
Illustration: Foged I966, plate 6, Figure 5. 
Distribution and Ecology; Not previously reported from 
Iowa, the ecology is unknown. 
Occurrence; Found only from ditch 2 in the spring of 
1970. 
Neidium bisulcatum (Lagerst.) CI. 
Voucher Specimen: slide 3-6-70 #ls, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 36, 
Figure 5. 
Distribution and Ecology: Found in only one collection 
from Iowa farm ponds (Ohl 1965). Drum (1964) reported this 
taxon from the Des Moines River. Frequently listed in lakes 
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but also common in rivers (Patrick and Reimer 1966), A beta-
mesosaprobe with a winter maximum (Schroeder 1939). The 
optimum pH is between 5 and 6 (Cholnoky 1968). 
Occurrence: Observed very rarely from all three 
stations. 
Neidium hercynicum f. subrostrata Wallace 
Voucher Specimen: in author's collection. 
Illustration; Reimer 1959, plate 2, Figure 7. 
Distribution and Ecology; Not previously reported from 
Iowa. Found more commonly in small, fast-flowing, slightly 
acid streams draining swampy lowlands (Patrick and Reimer 
1966). 
Occurrence: Only one specimen of this taxon was ob­
served in an August 1969 collection from station 1. 
Neidium iridis (Ehr.) CI. 
Voucher Specimen: slide 4-17-70 #2s, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer I966, plate 34, 
Figure 1. 
Distribution and Ecology; Not uncommon from Lake Okoboji 
(Stoermer 1963). Also observed occasionally from the Des 
Moines River (Drum 1964). Cosmopolitan, oligohalobe ob­
served in a pH range of 4 to 8 with a maximum development 
in a pH range of 6.5 to 7.2 (Hustedt 1938b). Appears to 
prefer standing or only slightly moving water (rheophobe?). 
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Found In lakes, bogs, and occasionally in rivers; pH indif­
ferent, probably ollgosaprobic (Patrick and Reimer I966). 
Halophobous, pH indifferent, limnobiont (Poged 1948b). 
Occurrence: Observed rarely from all three stations. 
Neldium kozlowli var. parvum Mereschk. 
Voucher Specimen: slide 3-27-70 #3s duplicate #1, I.S.U. 
Diatom Herbarium. 
Illustration: Patrick and Reimer I966, plate 37, 
Figure 4. 
Distribution and Ecology: Rare in bottom collections 
from Lake Okoboji (Stoermer I963). More characteristic of 
Impounded waters (Patrick and Reimer I966). 
Occurrence: Pound only rarely from station 2. 
Neidlum productum (W. Sm.) CI. 
Voucher Specimen: slide 11-5-67 #1 duplicate #2, I.S.U. 
Diatom Herbarium. 
Illustration: Patrick and Reimer I966, plate 31, 
Figure 1. 
Distribution and Ecology: This species has not previously 
been reported from Iowa. Prom lakes and streams; pH "indif­
ferent" (?) (Patrick and Reimer I966). Oligohalobe in a pH 
range of 4.2 to over 8 with a maximum development at a pH 
of 7.5 (Hustedt 1938b). 
Occurrence: Observed only rarely from station 2. 
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Neldluin sp. #3 
Voucher Specimen: slide 4-17-70 #2s duplicate #5, 
I.S.U. Diatom Herbarium. 
Occurrence: Observed rarely from station 2 in the 
spring of 1970. 
Nitzschia Hassail 
Nitzschla accomodata Hust. 
Voucher Specimen; slide 5-10-68 #3, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 194-9, plate 12, Figures 27 through 
31, 34, and 35. 
Distribution and Ecology: Reported from the Des Moines 
River by Drum (1964) and from the Skunk River by Shobe 
(1967). Observed in large numbers in tertiary ponds of the 
Ames, Iowa, sewage treatment plant (Raschke 1968). This 
taxon may be a nitrogen heterotroph. The pH optimum is 
between 7.8 and 8 (Cholnoky 1968). 
Occurrence: Observed infrequently at station 1 but 
observed in large numbers from stations 2 and 3 (Figure 30). 
A spring and summer maximum was observed at the latter 
stations. At station 2 on July 25 the population reached 
5 2 
a maximum density of 3.4 x 10 cells/cm . The maximum 
relative dominance, 39'Percent, was observed on January 2. 
Station 2 was very stagnant at this time. At station 3 the 
maximum was observed on June 6, 1.5 x 10^  cells/cm^ , 9.6 
Figure 30. Density of Nltzschla accomodata at stations 2 
and 3. The symbol ns Indicates that no sample 
was available on that date 
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percent. The appearance of this species in large numbers at 
station 2 and moderate numbers at station 3 while being 
uncommon at station 1 may indicate a tolerance of or even 
an affinity for organic enrichment. N. accomodata is quite 
similar to N. palea in appearance and can best be distinguished 
by its more gradually tapering apices. 
Nitzschia acicularis W. Smith 
Voucher Specimen: slide 2-6-70 #ls, I.S.U. Diatom 
Herbarium. 
Illustration; Hustedt 1930, p. 428, Figure 821. 
Distribution and Ecology: Generally uncommon from Lake 
Okoboji collections but sometimes found in great numbers in 
surface scums in sheltered areas (Stoermer 1963). A frequent 
bottom form in the shallow turbid ponds of southern Iowa (Ohl 
1965). Abundant in collections from the Des Moines River 
(Drum 1964). Cosmopolitan, oligohalobe, prefers strongly 
eutrophic waters and massive growths may occur in beta-
mesosaprobic waters (Hustedt 1938b). Alkaliphil, limnophil 
(Poged 1954). Mesosaprobe (Budde 1930b). A plankton diatom 
of strongly eutrophic waters with a pH optimum of 8.3 to 8.5 
(Cholnoky I968). 
Occurrence; This taxon was observed in small numbers 
at stations 1 and 3 in the spring, 1970 but occurred rarely 
at station 2, 
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Nltzschla amphibia Grun. 
Voucher Specimen: slide 6-7-68 #5, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 4l4, Figure 793. 
Distribution and Ecology: Very common and sometimes 
dominant In a wide range of collections from Lake Okoboji 
(Stoermer 1963). Common In all ponds Investigated (Ohl 
1965). Common In the Des Moines River (Drum 1964). 
Cosmopolitan, ollgohalobe, one of the most ubiquitous diatoms 
known. Common In the littoral zones of lakes and In streams 
(Hustedt 1938b). Current and salt Indifferent, alkallblont 
(Poged 1948b). j/rgensen (1948) found a pH range of 6.3 to 
9.0 for this species with an optimum around 8.5 (Jorgensen 
1948). It Is at least a faculatlve nitrogen heterotroph 
(Cholnoky 1968). 
Occurrence: Observed occasionally from station 1 and 
frequently at stations 2 and 3 (Figure 31). At these two 
stations the taxon showed no well-defined pulse but was In 
great abundance at different times of the year. At station 
2 a maximum density was observed on October 17, 1.3 x 10^  
cells/cm . The relative abundance reached a maximum of 3 
percent on December 26. At station 3 a maximum density was 
4 / p 
observed on May 1, 2.1 x 10 cells/cm . The maximum relative 
abundance, 5 percent, «as observed on October 3. The occur­
rence of this species In large numbers at stations 2 and 3 
Figure 31. Density of Nitzschia amphibia at stations 2 and 
3. The symbol ns indicates that no sample was 
available on that date 
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and its apparent scarcity at station 1 may indicate that 
it is tolerant of or stimulated by organic enrichment. 
Nitzschia apiculata (Greg.) Grun. 
Voucher Specimen: slide 3-6-70 #3s, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 402, Figure 765. 
Distribution and Ecology: Usually found in collections 
made in the cooler months from debris on the sandy bottom 
of Lake Okoboji (Stoermer 1963). Infrequent in farm ponds 
(Ohl 1965). Abundant in the Des Moines River (Drum 1964). 
Euryhaline and mesohalobe, alkaliphil, mesoxybiont, indif­
ferent to streamflow (Hustedt 1957). Rheophil (Poged 1948b). 
Occurrence: Of rare occurrence at stations 1 and 2. 
Common in the winter and spring at station 3. 
Nitzschia calIda Grun. 
Voucher Specimen: slide 6-7-68 #3, I.S.U. Diatom 
Herbarium. 
Illustration: Van Heurck I88O-I88I, plate 59, Figures 
4 and 5. 
Distribution and Ecology: Not previously reported from 
Iowa. This species has not been reported in large numbers 
and its ecology is therefore poorly known. 
Occurrence: Observed very rarely at station 3 and in 
ditch 3 downstream from station 3 in samples from the mud 
bottom. 
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Nltzschla comiiiunls Rabh. 
Voucher Specimen: slide 5-24-68 #2, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 4l4, Figure 798. 
Distribution and Ecology: Common in collections from 
plant debris and bottom detritus from Lake Okoboji (Stoermer 
1963) and from Iowa farm ponds (Ohl I965). Cosmopolitan, 
oligohalobe in pH range of 4.3 to 8.2. Lives in flowing 
and standing water (Hustedt 1938b). Salt indifferent 
(extremely euryhalinous), alkalibiont, current indifferent 
(Foged 1948b). Its an obligate nitrogen heterotroph 
(Cholnoky I968) with a pH optimum of 8. 
Occurrence: Observed rarely from stations 2 and 3. 
In the summer of 1968 it was quite abundant at station 2. 
Nitzschia denticula Grun. 
Voucher Specimen: slide 2-5-70 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 408, Figure 78O. 
Distribution and Ecology: Ohl (I965) found this taxon 
frequently from one pond. Drum (1964) reported it as common 
in the Des Moines River. Alkalibiont (Niessen 1956). Salt 
and current indifferent (Foged 1948b). Optimum pH between 
8.2 and 8.5 (Cholnoky I968). 
Occurrence: Of infrequent occurrence at all stations 
but observed most often from station 1. 
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Nltzschla dissipata (Kùtz.) Grun. 
Voucher Specimen: slide 3-6-70 #4, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 412, Figure 789. 
Distribution and Ecology; Common from the littoral 
zone of Lake Okoboji (Stoermer 1963). Pound in small numbers 
from most Iowa farm ponds (Ohl 1965). Dominant from some 
Des Moines River collections (Drum 1964). Cosmopolitan, 
oligohalobe, littoral form which prefers alkaline water 
(Hustedt 1938b), Alkalibiont, rheophil (Foged 1954) and 
(Scheele 1952). PJerdingstadt (1950) found the species in 
beta-mesosaprobic water. Optimum pH is around or slightly 
less than 8 (Cholnoky I968). 
Occurrence: Observed in small numbers from stations 1 
and 3 but very rare at station 2. 
Nltzschla fonticola Grun. 
Voucher Specimen: slide 8-29-69 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1949, plate 8, Figures 75 through 
83. 
Distribution and Ecology: Common and widely distributed 
in Lake West Okoboji (Stoermer 1963). Ohl (I965) found this 
taxon frequently in some of the smaller ponds of southern 
Iowa. Cosmopolitan, oligohalobe, littoral and stream form, 
sometimes found in the plankton. Observed in a pH range 
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from 6.6 to 8,6 and is preferentially in alkaline water 
(Hustedt 1938b). Salt indifferent, euryhaline, alkaliphil, 
limnobiont (Poged 1948b). FJerdingstadt (1950) reports the 
taxon from alpha-me sosaprobic waters. Cholnoky (1968) foxind 
it to be an obligate nitrogen heterotroph which can deaminate 
amino acids quickly in culture. 
Occurrence: Observed occasionally from all three 
stations with no apparent seasonal or nutrient level 
preference. 
Nitzschia frustulum Grun. 
Voucher Specimen: slide 3-20-70 #38, I.S.U. Diatom 
Herbarium. 
Illustration; Schmidt (I887), plate 3^ 9, Figures 17 
through 26. 
Distribution and Ecology: Pound in most of the ponds 
investigated by Ohl (1965) and became a summer dominant 
in one of them. Abundant in collections from the Des Moines 
River (Drum 1964). Halophil to beta-mesohalobiont, 
alkaliphil, mesoxybiont. Indifferent to streamflow (Hustedt 
1957). Poged (1948b) calls this species a rheophil. 
Occurrence: This taxon was observed very rarely from 
stations 2 and 3. 
Nitzschia linearis W. Sm. 
Voucher Specimen: slide 5-24-68 #3, I.S.U. Diatom 
Herbarium. 
Ib9 
Illustration: Hustedt 1930, p. 4lO, Figure 784. 
Distribution and Ecology: Not observed in large numbers 
from Iowa farm ponds (Ohl I965). One of the nine most 
abundant diatoms in the Des Moines River (Drum 1964). 
Cosmopolitan, oligohalobe, stream and brook species (Hustedt 
1938b). Classified as a rheobiont and alkaliphil by Scheele 
(1952) and Foged (1948b). One of the few fully autotrophic 
species of Nitzschia (Cholnoky I968). Oligohalobe (indifferent), 
alkaliphil, mesoxybiont, rheophil but not to be labeled as a 
rheobiont (Hustedt 1957). 
Occurrence: This species was common at station 2 but 
never very abundant. At stations 1 and 3 it was very 
abundant and displayed a very well defined spring pulse 
(Figure 32). At station 1 the maximum density was observed 
on May 1, 6.5 x 10^  cells/cm^ , and 23.8 percent of the 
community. At station 3 a large density maximum occurred on 
June 6, 4.3 % 10^  cells/cm^  and 26.8 percent of the commu­
nity. The absence of a large pulse of this diatom at station 
2 may indicate a lack of tolerance for organic enrichment. 
Nitzschia microcephala Grun. 
Voucher Specimen: slide 7-4-69 #1, I.S.U. Diatom 
Herbarium. 
Illustration; Hustedt 1930, p. 4l4, Figure 791. 
Distribution and Ecology: Reported from the Des Moines 
River Drum (1964). Cligohalcbs (indifferent) alkaliphil. 
Figure 32. Density of Nitzschia linearis at stations 1 
and 3. The symbol ns indicates that no sample 
was available for that date 
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and mesoxybiont (Hustedt 1957). Kolbe (1927) and Foged 
(1948b) consider this taxon a halophil. An obligate 
nitrogen heterotroph with a pH optimum between 8.3 and 8.5 
(Cholnoky 1968), 
Occurrence: Collected only once from station 3 in 
May 1969. 
Nltzschia palea (Kutz.) W. Smith 
Voucher Specimen; slide 12-12-69 #2s duplicate #1, 
I.S.U. Diatom Herbarium. 
Illustration: Hustedt 1930, p. 4l4, Figure 801. 
Distribution and Ecology: Common from the littoral 
zone of Lake Okoboji (Stoermer 1963). The most common diatom 
in many collections from Iowa ponds (Ohl 1965). Often 
dominant from the Des Moines River (Drum 1964). Cosmopolitan 
and a typical mesosaprobe. Especially abundant in strongly 
eutrophlc alkaline water (Hustedt 1938b). Occurring in 
large numbers in polluted crustos communities (Blum 1957). 
One of the most resistant algae to organic pollution (Butcher 
1947). A frequent diatom of strongly eutrophlc alkaline 
water, it is an obligate nitrogen heterotroph and a good 
Indicator of pollution (Cholnoky 1968). 
Occurrence: This taxon was observed with a summer 
maximum at all three stations (Figure 33). At stations 1 
and 3 the following maxima occurred on July 18, 3.7 x 10^  
cells/cm^ , 26.4 percent and 3.8 x 10^  cells/cm^ , 23.6 percent 
Figure 33. Density of Nitzsehia palea at stations 1, 2, 
and 3. The symbol ns indicates that no sample 
was available for that date 
174 
Nitzschio PO leg 
STATION 1 
i 
ris. ifvs 
I 
\ 
I 
I 
I 
STATION 2 
Xi' 
I I I 
I I I 
I I I 
I I i 
STATION 3 
".r.i"'.'.-.S',".2S^  
196S 
MAK. APR 
1970 
175 
respectively. At station 2 the maximum was observed on 
July 25 and was smaller than at the other two stations 
1.7 X 10^  cells/cm^ . The maximum relative abundance was 
13 percent on December 5. 
Nitzschla stagnorum Rabh. 
Voucher Specimen: slide 6-7-68 #2, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930» p. 404, Figure 773. 
Distribution and Ecology; Pound infrequently in collec­
tions from the mud bottoms of several Iowa ponds (Ohl 1965). 
An obligate nitrogen heterotroph with a pH optimum of 8.4 
(Cholnoky I968). Oligohalobe (indifferent), pH indifferent, 
mesoxybiont (Hustedt 1957). 
Occurrence; This taxon was not observed at station 1 
and was uncommon at station 3. The species was quite 
abundant at station 2 during late fall and winter. The 
maximum density was 1.2 x 10^  cells/cm^  on October l4 and 
this taxon comprised 13 percent of the diatoms present on 
December 5- The density dropped off rapidly in the spring. 
This taxon's appearance in large numbers only during a 
period of extreme organic pollution reinforces previous 
ecological statements. 
Nitzschia subcapitellata Hust. 
Voucher Specimen: slide 11-7-69 #2, I.S.U. Diatom 
Herbarium. 
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Illustration; Hustedt 1957, P. 343, Figures 63 through 
65. 
Distribution and Ecology; Reported from the Des Moines 
and Skunk Rivers by Drum (1964) and Shobe (1967) respectively. 
Halophil, alkaliphil, mesoxybiont (Hustedt 1957). 
Occurrence: Observed occasionally from stations 2 and 
3 but never in large numbers. 
Nitzschia vermicularis (Kiitz. ) Grun. 
Voucher Specimen: slide 2-27-70 #ls, I.S.U. Diatom 
Herbarium. 
Illustration; Hustedt 1930, p. 4l8, Figure 8II. 
Distribution and Ecology: Common in winter collections 
from sandy bottom areas of Lake Okoboji (Stoermer 1963). 
Ohl (1965) found it common only in one pond. Oligosaprobe 
(Budde 1930b). Halophil (Poged 1947b). Indifferent to pH, 
rheobiontic (Foged 1948b). Pound in pH range of 5.7 to 7.3, 
acidophil, (j/rgensen 1948). The optimum according to 
Cholnoky (1968) is 8.5. 
Occurrence: Not observed from station 2. Observed 
occasionally from stations 1 and 3 with the greatest 
abundance in the spring. 
Nitzschia sp. #8 
Voucher Specimen; slide 12-12-69 #2s duplicate #1, 
I.S.U. Diatom Herbarium. 
Occurrence; Seen often from station 2 and frequently 
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from station 3. This taxon looks much like N. palea with 
subtilely sigmoid ends. Further investigation may show 
this taxon to fall within the variability range of N. 
palea. 
Nitzschia sp. #9 
Voucher Specimen: slide 2-27-70 #3s, I.S.U. Diatom 
Herbarium. 
Occurrence: This taxon was represented by only two 
specimens from station 3 in February. 
Plnnularla Ehr. 
Pinnularia acrosphaeria W. Sm. 
Voucher Specimen: slide 4-10-70 #2s, I.S.U. Diatom 
Herbarium, 
Illustration; Patrick and Reimer 1966, plate 60, 
Figure 2. 
Distribution and Ecology: Ohl (1965) found this species 
infrequently from one pond. Reported also from the Des Moines 
River (Drum 1964). Oligohalobe, found in a pH range of from 
7.5 to 8.3 (Hustedt 1938b). However, Cholnoky (1968), indi­
cates that the optimum is less than 6 and in no case did he 
find the taxon in a pH range of 7.3 to 8.3. Seems to prefer 
littoral areas of circumneutral lakes and ponds (Patrick 
and Reimer 1966). Alkalibiont (with scattered development 
In weakly add waters), oligonaioDe (indifferent), 
oligosaprobe (mesoxybiont), (Hustedt 1957). 
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Occurrence: Observed very rarely from stations 2 and 3. 
Pinnularia acuminata var. interrupta (Cl.) Patr. 
Voucher Specimen; slide 11-5-67 #8 duplicate #5, I.S.U. 
Diatom Herbarium. 
Illustration; Patrick and Reimer 1966, plate 59, 
Figure 7. 
Distribution and Ecology; This taxon has not previously 
been reported from Iowa, and its ecology is unknown. 
Occurrence; This taxon was observed only at station 2 
in very small numbers. 
Pinnularia biceps f. petersenii Ross 
Voucher Specimen; slide 11-5-67 #8 duplicate #2, I.S.U. 
Diatom Herbarium. 
Illustration: Patrick and Reimer 1966, plate 55, 
Figure I6. 
Distribution and Ecology; Previously unreported from 
Iowa. Widely distributed in circumneutral water (Patrick 
and Reimer I966). 
Occurrence; Observed very rarely only at station 2. 
Pinnularia borealis Ehr. 
Voucher Specimen; slide 2-20-70 #38, I.S.U. Diatom 
Herbarium. 
Illustration; Patrick and Reimer 1966, plate 58, 
Figure 13. 
Distribution and Ecology: Occurring rarely in Lake 
Okoboji (Stoermer I963) and in Iowa farm ponds (Ohl 1965). 
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Ollgohalobe, eurytope, cosmopolitan and aerophll, observed 
in a pH range of 4 to 8 (Hustedt 1938b). Prefers cool 
water of low mineral content. Often found in rivers but 
also in ponds (Patrick and Reimer I966). Acidophil 
(J^ rgensen 1948). 
Occurrence: Observed very rarely from all three 
stations. Pound most often in bottom collections. 
Pinnularia breblssonii (Kutz.) Rabh. 
Voucher Specimen: slide 4-10-70 #2s, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer I966, plate 58, 
Figure 6. 
Distribution and Ecology: Infrequent in many Iowa ponds 
(Ohl 1965). Seems to prefer cool water of low mineral 
content (Patrick and Reimer 1966). 
Occurrence: Found very rarely at all three stations. 
Pinnularia flexulosa CI. 
Voucher Specimen; slide 5-2-70 #2-4, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 63, 
Figure 7. 
Distribution and Ecology; This taxon has not previously 
been reported from Iowa. In bogs and ponds, seems to prefer 
cccl 3cnic;;hat acid v:ater (Patrick and Reimer 19^ )^, 
Occurrence: I found very few specimens of this taxon 
in ditch 2. 
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Plnnularla glbba f. subundulata Mayer 
Voucher Specimen; slide 4-3-70 #2s, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 328, Figure 601. 
Distribution and Ecology: Not previously reported from 
Iowa. Current indifferent, acidophil (Poged 1948b). 
Occurrence: Observed only occasionally from stations 
2 and 3. 
Pinnularia gracilis Hust. 
Voucher Specimen: slide 4-17-70 #2s duplicate #3, 
I.S.U. Diatom Herbarium. 
Illustration: Schmidt 1887, plate 392, Figures 2 and 3. 
Distribution and Ecology: Not previously reported from 
Iowa, and the ecology is unknown. 
Occurrence: Observed occasionally from stations 2 and 
3. 
Pinnularia hilseana Jan. 
Voucher Specimen: in author's herbarium. 
Illustration; Patrick and Reimer 1966, plate 55, 
Figure 5. 
Distribution and Ecology: Not previously reported from 
Iowa. In acid water, usually in bogs (Patrick and Reimer 
1966). 
Coôui'rêuôc : CuacrVcd ixi â 19^ 7 Bttiaple from the uuLLum 
of ditch 2. 
I8l 
Plnnularla streptoraphe CI, 
Voucher Specimen: slide 4-17-70 #2s duplicate #4, 
I.S.U. Diatom Herbarium. 
Illustration: Patrick and Reimer 1966, plate 64, 
Figure 4. 
Distribution and Ecology: Not previously reported from 
Iowa. Halophobe, acidophil, saproxene (Hustedt 1957). Pound 
in lakes, ponds, or bogs in water of low mineral content; 
seems to prefer acid water (Patrick and Reimer 1966). 
Occurrence: Only a few specimens of this taxon have 
been observed from ditch 2. 
Pinnularla torta (Mann.) Patr. 
Voucher Specimen: slide 11-5-67 #8 duplicate #3, 
I.S.U. Diatom Herbarium. 
Illustration: Patrick and Reimer 1966, plate 63, 
Figure 3. 
Distribution and Ecology: Not previously reported from 
Iowa. In swamps and ponds, in acid water of low mineral 
content. 
Pinnularia vlrldis (Nitz.) Ehr. 
Voucher Specimen: slide 6-7-68 #1, I.S.U. Diatom 
Herbarium, 
Illustration: Patrick and Reimer 1966, plate 64, 
Figure 5. 
Distribution and Ecology; Common in collections from 
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the littoral area of Lake Okoboji (Stoermer 1963). Infre­
quent in most Iowa farm ponds (Ohl I965). Cosmopolitan, 
oligohalobe, in a pH range of 6.6 to 8.35. It reaches 
maximum development in alkaline water (Hustedt 1938b). 
Pound in water of higher mineral content than many of the 
species of Pinnularia. Seems to prefer circumneutral water 
(Patrick and Reimer 1966). Pjerdingstadt (1950) reports 
this species from alpha-mesosaprobic water. Spring and fall 
maxima were reported by Raabe (1951). 
Occurrence; This taxon was observed occasionally in 
collections from all three stations. 
Pinnularia sp. #1 
Voucher Specimen: slide 4-10-70 #2s duplicate #1, 
I.S.U. Diatom Herbarium. 
Occurrence: Observed in small numbers only from station 
2 in the spring of 1970. 
Rhoicosphenia Grun. 
Rhoicosphenia curvata (Kutz.) Grun. 
Voucher Specimen: slide 2-6-70 #ls, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer I966, plate 20, 
Figures 1 through 5. 
Distribution and Ecology: A common epiphyte in Lake 
Okoboji (Stoermer 1963). Infrequent in most Iowa ponds 
but a winter dominant in one (Ohl 1965). A widespread 
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species more commonly found in alkaline flowing waters 
(alkaliphil, rheophil?) not characteristic of lower 
gradients of coastal rivers and probably to be considered 
as an oligohalobe (Patrick and Reimer 1966). Occurring in 
beta- and alpha-mesosaprobic waters (Pjerdingstadt 1950). 
Halophll, mesosaprobe (Budde 1930b). Salt and current 
indifferent, alkaliphil (Foged 1948b). Optimum pH somewhat 
over 8; may be found in brackish water (Cholnoky 1968). 
Oligohalobe, alkaliphil, oligosaprobe, rheophil (Hustedt 
1957). Schroeder (1939) observed a spring maximum for the 
species. 
Occurrence: This taxon was observed rarely from station 
2; but occurred in large numbers at stations 1 and 3 (Figure 
34). At station 1 there was no well defined density pulse 
and a large population was present from July 22, 1969 
through February 6, 1970. The maximum was observed on 
O p 
August 22, 7.2 X 10^  cells/cm . The reporting of a maximum 
at this time may be misleading. Only one frustule was ob­
served in the count but the diatom community was quite dense. 
On December 12, R. curvata comprised 11.8 percent of the 
sample but the total number of diatoms was low at this time 
and thus the density of R, curvata was also low. This taxon 
was observed in live material as an attached form on rocks 
and filamentous algae. Its absence from ditch 2 may repre­
sent an aversion to organic pollution. 
Figure 34. Density of Rholcosphenla curvata at stations 1 
and 3. The symbol ns Indicates that no sample 
was available for that date 
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Rhopalodla 0. Miill, 
Rhopalodla glbba (Ehr.) 0. Miill. 
Voucher Specimen; slide 11-5-6? #1^  I.S.U. Diatom 
Herbarium. 
Illustration: p. 390, Figure 739. 
Distribution and Ecology: Common in collections from 
aquatic phanerogams from Lake Okoboji (Stoermer 1963). Of 
infrequent occurrence in most Iowa ponds investigated by 
Ohl (1965). Common in the Des Moines River (Drum 1964). 
Cosmopolitan, littoral form, and crenophil, very abundant 
in some streams, observed in a pH range of 7.2 to 8.6 
(Hustedt 1938a). Observed in alpha- and beta-mesosaprobic 
water (PJerdingstadt 1950). Alkaliphil, salt and current 
indifferent (Poged 1948b). 
Occurrence: Pound only occasionally from station 2. 
Rhopalodia sp. #1 
Voucher Specimen: in author's herbarium. 
Occurrence: This taxon was seen only in I967 collec­
tions from ditch 2. 
Stauroneis Ehr. 
Stauroneis anceps Ehr. 
Voucher Specimen: slide 4-17-70 #4, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer I966, plate 30, 
Figure 1. 
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Distribution and Ecology: Very rare from Lake Okoboji 
(Stoermer 1963). Ohl (1965) found this entity from only one 
pond. A widespread, eurytopic species; pH "indifferent" 
(Patrick and Reimer 1966). Found chiefly as a littoral form 
in eutrophic waters (Hustedt 1938a). Reported from beta-
raesosaprobic waters by Pjerdingstadt (195O). Optimum pH 
slightly under 7 (Cholnoky 1968). 
Occurrence: Observed occasionally at station 2 and 
rarely at station 3. 
Stauroneis anceps f. gracilis Rabh. 
Voucher Specimen: 11-5-67 #8 duplicate #6, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 30, 
Figure 2. 
Distribution and Ecology: Very rare from Lake Okoboji 
(Stoermer 1963) and from Iowa ponds (Ohl I965). Ecology 
is as the nominate variety (Patrick and Reimer 1966). This 
variety is bound to an inferior chloride content and is an 
acidophil as well as a raesoxybiont (Hustedt 1957). 
Occurrence: Only a few specimens of this taxon have 
been seen from station 2. 
Stauroneis borrichii (Petersen) Lund 
Voucher Specimen; slide II-7-69 #2, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1959, p. 803, Figure II5I. 
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Distribution and Ecology: This taxon has not been 
reported previously from Iowa. The ecology is poorly known 
but this species has been reported from many soil floras. 
Occurrence: Only a few frustules of this species were 
observed at all stations. 
Stauronels phoenlcenteron (Nitz.) Ehr, 
Voucher Specimen: slide 4-17-70 #2s duplicate #2, 
I.S.U. Diatom Herbarium. 
Illustration: Patrick and Reimer 1966, plate 29, 
Figure 1. 
Distribution and Ecology; Pound commonly in the littoral 
zone and occasionally in the plankton of Lake Okoboji 
(Stoermer 1963). Infrequent in collections from the mud 
surface of most Iowa ponds (Ohl 1965). Indifferent littoral 
form, especially in eutrophic water (Hustedt 1938a). 
Oligohalobe, pH "indifferent", apparently has a wide range 
of ecological tolerance (Patrick and Reimer I966). 
Mesosaprobe (Budde 1930b). Beta- and alpha-mesosaprobic 
(Pjerdingstadt 1950). The optimum pH is about 6.8 (Cholnoky 
1968). Oligohalobe (indifferent), pH indifferent, 
euryoxybiont, therefore also living in polluted waters 
(Hustedt 1957). 
Occurrence: Observed In small numbers from station 2 
in the spring of 1970. 
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Stauronels phoenlcenteron f. gracilis (Ehr.) Hust. 
Voucher Specimen: slide 3-27-70 #2s, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer I966, plate 29, 
Figure 3. 
Distribution and Ecology: Rarer than the nominate 
variety and in the same habitats (Stoermer 19^ 3). Very rare 
in Iowa ponds (Ohl 1965). As the species; more often found 
in lakes and ponds but not restricted to them (Patrick and 
Reimer 1966). 
Occurrence: Observed rarely at stations 1 and 2. 
Stauroneis phoenicenteron var. brunii (M, Perag. and Herib.) 
Voigt 
Voucher Specimen: slide 4-17-70 #2s duplicate #6, 
I.S.U. Diatom Herbarium. 
Illustration: Patrick and Reimer 1966, plate 29, 
Figure 5. 
Distribution and Ecology; This variety has not been 
reported previously from Iowa and its ecology is unknown. 
Occurrence: Only two specimens of this variety were 
observed in collections at station 2. 
Stauroneis smithii Grun. 
Voucher Specimen: slide 2-27-70 #ls, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 30, 
Figure 12. 
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Distribution and Ecology; Pound as an Infrequent 
littoral form only in one pond investigated by Ohl (I965). 
Common in collections from the Des Moines River (Drum 1964). 
Cosmopolitan, oligohalobe (Hustedt 1938a). Alkallphilous, 
eurytopic (Patrick and Reimer I966). Salt and pH indifferent 
rheophil (Foged 1948b). Optimum pH somewhat over 8 (Cholnoky 
1968). Oligohalobe (indifferent), saproxene (Hustedt 1957). 
Occurrence: Observed rarely from stations 2 and 3 
and more commonly from station 1. This species was not 
observed in large numbers from station 1 but a few specimens 
could be found in nearly every collection. 
Surirella Turpin 
Surirella angustata Kutz. 
Voucher Specimen: slide 5-10-68 #3, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 436, Figure 844. 
Distribution and Ecology: The most common member of 
this genus in Lake Okobojl (Stoermer 1963). A frequent 
littoral diatom in most Iowa farm ponds (Ohl 1965). Stream 
form, rheobiont, alkaliphil, haloxene (Scheele 1952). Salt 
indifferent, alkaliphil, rheobiont (Foged 1948b). Optimum 
pH around 7.5 (Cholnoky 1968). Bock (1952) found this 
taxon in a pH range of 6 to 9. 
Occurrence; Found commonly at all three stations with 
the most frequent occurrence in the spring. 
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SurIrelia elegans Ehr. 
Voucher Specimen: slide 5-10-68 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 44l, Figure 858, 
Distribution and Ecology: Rare in collections from Lake 
Okoboji (Stoermer 1963). Cosmopolitan, oligohalobe, littoral 
form (Hustedt 1938b). Limnobiont salt and pH indifferent 
(Poged 1948b). 
Occurrence: Observed rarely only from station 1. 
Surire11a iowensis^  
Voucher Specimen: slide 6-7-68 #1, I.S.U. Diatom 
Herbarium. 
Illustration: Stoermer I963, plate 1, Figure 11. 
Distribution and Ecology: Stoermer (I963) reports this 
entity as being widely distributed in Iowa. Its ecology is 
unknown. 
Occurrence: In 1968 S^ . lowensis was a dominant bottom 
form in ditch 1. In 1969 it was observed frequently from 
stations 1 and 3 but was not seen at station 2 and may have 
an aversion to organic pollution. 
Surirella ova ta Kiitz. 
Voucher Specimen: slide 5-31-68 #2, I.S.U. Diatom 
Herbarium. 
J — — n  ^ % I  ^ I—, -w " 11 ' 11 ' CJ 4— > VI Met a J. o X'cpwj. . x- . •-> w ^ x ^ 
(1963), however it is not yet validly published. 
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Illustration: Hustedt 1930, p. 444, Figure 864. 
Distribution and Ecology: Uncommon from Lake Okoboji 
occurring in the largest numbers in collections from sandy 
bottoms (Stoermer 1963). Found infrequently in most of 
the Iowa ponds investigated by Ohl (1965). Common in the 
Des Moines River (Drum 1964). Alkaliphil and rheophil 
(Foged 1954) and (Scheele 1952). Foged (1948b) found this 
taxon to be common in waters of heavy organic pollution. 
Oligohalobe (indifferent), alkaliphil, euryoxybiont, and 
may be found as a saprophyte (Hustedt 1957). A winter 
maximum was reported for the species by Schroeder (1939) 
and Liebmann (1951). 
Occurrence: Small numbers of this taxon were observed 
frequently at station 2. At stations 1 and 3 it appeared 
in much larger numbers displaying a large spring pulse 
(Figure 35). At station 1 a maximum density was recorded 
on April 17, 1.2 x 10^  cells/cm^ , l4.2 percent relative 
abundance. The maximum density at station 3 was also on 
April 17, 9.5 X 10^  cells/cm^ . The maximum relative 
abundance occurred on June 27, 8.2 percent. From these 
data it appears that ovata tolerates the organically 
polluted water of station 2 but has its best development in 
the "cleaner" water of stations 1 and 3. 
Surirella ovata var. pinnata W. Sm. 
Voucher Specimen: slide 5-24-68 #2, I.S.U. Diatom 
Figure 35. Density of Surirella ovata at stations 1 and 3. 
The symbol ns indicates that no sample was 
available for that date 
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Herbarium. 
Illustration: Hustedt 1930, p. 444, Figure 865. 
Distribution and Ecology: More common than the 
nominate variety and found in the same habitats in Lake 
Okoboji (Stoermer 1963). More frequent than the nominate 
variety in Iowa ponds (Ohl 1965). Most diatomists consider 
the ecology of this variety as the species. 
Occurrence : Of much less frequent occurrence than 
the nominate variety, observed most frequently in the spring 
at all three stations. 
Surlrella (cf. patella var. mongolica Skv.) 
Voucher Specimen: slide 12-27-70 #3s, I.S.U. Diatom 
Herbarium. 
Illustration: Skvortzow 1938, plate 3^  Figure 12. 
Distribution and Ecology: Not reported previously 
from Iowa; ecology unknown. 
Occurrence: Only one specimen was observed in a 
February sample from ditch 3. 
Surirella tenera Greg. 
Voucher Specimen: slide 12-12-69 #1> I.S.U. Diatom 
Herbarium. 
Illustration: Hustedt 1930, p. 439, Figure 853. 
Distribution and Ecology; Rare in recent material from 
Lake Okoboji (Stoermer 1963). Uncommon in Iowa ponds (Ohl 
1965). Salt indifferent, rheobiontic (Foged 1948b). 
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Cosmopolitan, lives in flowing streams. It is eurythermal 
and has been found in water of 39° C (Hustedt 1938b). 
Occurrence; Observed very rarely only from stations 1 
and 3. 
Surire11a sp. #2 
Voucher Specimen: slide 11-5-67 #4, I.S.U. Diatom 
Herbarium. 
Occurrence; Found in small numbers only at station 2. 
Synedra Ehr. 
Synedra acus Kiitz. 
Voucher Specimen; slide 3-6-70 #3s, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 5, 
Figure 1. 
Distribution and Ecology; Common in periphyton and 
plankton collections from Lake Okoboji (Stoermer 1963). 
Ohl (1965) found this entity common only in those ponds on 
the Wisconsin drift. One of the nine most abundant species 
in the Des Moines River (Drum 1964). A widely distributed 
species, seems to prefer circumneutral water with not too 
low conductivity. More often found in water of medium 
hardness (Patrick and Reimer 1966). Alkaliphil, limnophil 
(Poged 1954). Oligosaprobe, oligohalobe, alkaliphil 
(Hustedt 1957). Optimum pH from 7.4 to 7.6 (Cholnoky I968). 
Schroeder (1939) reported a spring maximum for the species. 
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Occurrence; This taxon was not observed in samples 
from station 2 and was seen only rarely from station 1. It 
was observed in larger numbers at station 3 (Figure 36). A 
maximum density was observed on April 24, 1.4 x 10^  cells/cm^ . 
The maximum relative abundance was 5.2 percent on September 26. 
Synedra rumpens var. fragilarioides Grun. 
Voucher Specimen: slide 12-26-69 #3s, I.S.U. Diatom 
Herbarium. 
Illustration: Patrick and Reimer 1966, plate 6, 
Figure 1. 
Distribution and Ecology: Pound in small numbers from 
periphyton collections in Lake Okoboji (Stoermer 1963). 
Prefers waterfalls, springs, or brooks. Often found in 
circumneutral waters with fairly high conductivity (Patrick 
and Reimer 1966). 
Occurrence: Observed in small numbers from stations 2 
and 3. 
Synedra ulna (Nitz.) Ehr. 
Voucher Specimen; slide 2-20-70 #ls, I.S.U. Diatom 
Herbarium. 
Illustration; Patrick and Reimer 1966, plate 7> 
Figures 1 and 2. 
Distribution and Ecology; Very common in the littoral 
zone of Lake Okoboji (Stoermer 1963). Found in most collec­
tions from ponds located on Wisconsin drift (Ohl 1965). One 
Figure 36. Density of Synedra acus at station 3. The symbol 
ns Indicates that no sample was available for 
that date 
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of the nine most abundant species in the Des Moines River 
(Drum 1964). Indifferent and euryhaline but avoiding 
pronounced saltwater or water of high conductivity. It 
prefers eutrophic water and can, in some cases, be denoted 
as a beta-mesosaprobe (Hustedt 1937). It prefers dirty 
water and does not tolerate strong salt concentrations 
(Gemeinhardt 1926). Optimum pH around 7.8 (Cholnoky 1968). 
Alkaliphil (Poged 195^ ) &nd (Scheele 1952). Oligosaprobe 
(Budde 1930b) and (Hornung 1959). Catharobic to beta-
mesosaprobic (Pjerdingstadt 1950). Schroeder (1939) 
reported a fall maximum for the species and Raabe (1951) 
reported a spring and fall maximum. 
Occurrence : Synedra ulna was present in large numbers 
at all three stations but the growth patterns were different 
(Figure 37). At station 1 there was a spring maximum with 
a small pulse in late fall and early winter. The maximum 
density, 1.5 x 10^  cells/cm^ , occurred on May 1. The 
maximum relative abundance was observed on January l6, 78.2 
percent. At this time station 1 had a thick ice cover with 
much snow. At station 2 ulna was in great abundance from 
May 23 to July 25 with a maximum on May 30, 2.4 x 10^  
p 
cells/cm . The maximum relative abundance was 17 percent 
on June 13. After July 25, S. ulna did not appear in large 
numbers again at this station. At station 3 a sharply 
defined, massive spring pulse was observed with a density 
Figure 37. Density of Synedra ulna at stations 1, 2, and 
3. The symbol ns indicates that no sample was 
available on that date 
202 
Synedrg ulna 
STATION 1 
II 11 
I I  
II 
STATION 2 
I I 
IVS-  ^
I 
I  
STATION 3 
^ n » «  " r - C M  - N «  -  M  ^  "  N  m  «  N  ^  J l  ( M  J "  "  m  T « m  - w N   ^•- (VJ 
MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC JAN. FEB. MAR. APR. MAY 
1969 1970 
203 
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maximum of 5.4 x 10^  cells/cm , which comprised 71.4 percent 
of the sample, on May l6. A smaller pulse was observed in 
September. 
The great adaptability of S^ . ulna to different habitats 
makes it of little use as an ecological Indicator. The 
populations in this study displayed great morphological 
variability and more than one taxon may be involved. There 
were many specimens with no central area and several possessed 
an excentrlc pseudoraphe (Figure 38). 
Synedra ulna var. danica (Kutz.) Grun. 
Voucher Specimen: slide 12-26-69 #3s, I.3.U. Diatom 
Herbarium. 
Illustration: Hustedt 1962, p. 197, Figure f. 
Distribution and Ecology: Pound in the greatest 
abundance in Lake Okobojl in plankton collections (Stoermer 
1963). Ohl (1965) reports this variety from at least one 
farm pond. Ecology is unknown. 
Occurrence; Observed occasionally at station 3, 
particularly in the winter. 
Synedra sp. #1 
Voucher Specimen; slide 3-13-70 #ls, I.S.U. Diatom 
Herbarium. 
Occurrence: Observed in moderate numbers at stations 
1 and 3, and in large numbers at station 2 (Figure 39). A 
large summer pulse at station 2 reached a maximum on July 25, 
Figure 38. Morphological variability in Synedra ulna 

Figure 39. Density of Synedra sp. #1 at stations 1, 2, and 
3. The symbol ns indicates that no sample was 
available on that date 
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8.0 X 10^ cells/cm^ . The relative abundance was maximal 
on July 4, 22.2 percent. This taxon has a large variability 
in morphology. Most specimens were warped and bent and very 
few symmetrical valves were observed (Figure 40). 
General Discussion 
A consideration of characteristics and tolerances of 
species which survive and flourish in a given area is an 
admissible aim of an ecological investigation but definitive 
conclusions are limited by an awareness that the crucial 
characteristics may not have been elucidated. During this 
study over 250 samples of diatoms were collected and 
examined microscopically. More than 67,000 valves were 
Identified and a total of I83 taxa from 28 genera were 
recorded in the weekly counts. Of these, 27 have not 
previously been reported from Iowa. Existing knowledge of 
the environmental tolerances exhibited by some of these taxa 
indicates that they are more or less natural inhabitants of 
areas such as drainage ditches. A few taxa seem entirely 
out of place while information concerning the vast majority 
is too scanty to permit useful conclusions. 
The section of the ditch immediately below the culvert 
is subjected to intense scouring during periods of high 
runoff. Existing diatom populations are washed away, yet, 
within a week or two after the high flow rate diminishes 
large populations may be evident again. In such a location 
Figure 40. Morphological variability of Synedra sp. #1 
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there is no upstream pool of species to re-establish those 
washed away and the source of renewal is not easily deter­
mined. The diatom flora of the soil and of moist areas 
seeping into the ditch may play a role in repopulating it 
but the number of species in such environments is distinctly 
limited. Muskrats, raccoons, birds, fish, insects, etc., 
may inadvertently transport living diatoms from other 
localities but this type of activity would lead to an 
erratic distribution. The rapidity of the recovery by 
diatom populations leads one to speculate that a few indi­
viduals survive in place and, when the environment becomes 
stable again, they proliferate rapidly to repopulate the 
site. This explanation seems even more plausible when one 
realizes that by dividing once a day for two weeks one cell 
could give rise to more than 16,000 individuals and in only 
24 successive cell divisions the density of diatoms can 
increase from 1 cell/cm^  to a density greater than any 
recorded in this study. 
Diatoms may survive high runoff periods in several 
ways; by remaining in tight crustose communities, by 
entanglement in the anchoring system of attached filamen­
tous algae, by being burled under silt and debris, by 
entering crevices of roots and logs, etc. 
The following 19 species comprised about 90 percent or 
more of each sample collected at stations 1 and 2 : 
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Achnanthes affinis, A. lanceolata, A. var. dubla, A. 
mlnutlsslma. Amphora ovalls var. pedlculus, Cocconels 
placentula var. euglypta, Gomphonema angustatum, G. 
parvulum. MelosIra varlans, Merldlon clrculare, Navlcula 
pelllculosa, Nltzschla accommodata, N. linearis, N. palea, 
N. stagnorum, Rholcosphenla curvata, Surlrella ovata, 
Synedra ulna, and S_. sp. #1. As Individually noted In the 
ecological section, a majority of these I9 species are 
rheophlls which have special means for maintaining their 
positions In a stream during high flow. Species of 
Cocconels have valves that are flexed allowing them to lie 
In close contact with the curved surfaces of rocks, aquatic 
vascular plants, and filamentous algae upon which they grow. 
Several of these taxa become attached to the substrate by a 
tough gelatinous matrix. All but 4 of them have at least 
one valve with a true raphe and these are capable of inde­
pendent movement. This cannot explain long distance trans­
port but Is of great Importance in local positioning. Many 
members of the genus Nitzschla, for instance, have a remark­
able ability to emerge from sand and silt once they are 
burled. 
Those species occurring at station 2 are exposed to 
Intense organic pollution during some parts of the year. 
Three of the 19 species listed above become abundant only 
at station 2 and are, therefore, either dependent upon or 
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stimulated by high levels of organic nutrients. These three 
species are Achnanthes laneeolata var. dubia, Nitzschia 
accomodata, and N. stagnorum. 
Ten of the 19 species are dominant at some time at 
both stations 1 and 2. A dominant species is defined here 
as one comprising 5 percent or more of the population. These 
ten should be considered as being tolerant of organic pollu­
tion but not dependent on it. They include the following; 
Achnanthes lanceolata, Cocconeis placentula var. euglypta, 
Gomphonema angustatum, G. parvulum, Meridion circulare, 
Synedra ulna, and S^ . sp. #1. 
The following nine species occurred in large numbers 
at station 1 but not at station 2 which may indicate a lack 
of tolerance for organic pollution: Achnanthes affinis, A. 
mlnutisslma. Amphora ovalls var. pediculus. Melosira 
varians, Navicula pelliculosa, Nitzschia linearis, Nitzschia 
palea, Rholcosphenia curvata, and Surirella ovata. The 
inclusion of Nitzschia palea in this group is noteworthy 
since it seems to be a well established form of polluted 
waters, as noted in the ecological section. Station 3 was 
not included in these comparisons since it has some of the 
aspects of both stations 1 and 2 and receives diatoms 
washing down from them. 
During the spring of 1970 I found several taxa in the 
styrofoam collections that I had not observed previously. 
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Many of these rare species had partially eroded valves 
that were broken or cracked. One especially unusual 
specimen was a broken valve of Melosira canadensis Hust. 
which Van Landingham (1964) considers a fossil indicator. 
Such forms are less common in samples from this station 
collected on glass slides and it is possible that the nature 
of the surface of styrofoam makes the collection of empty 
frustules and fossils more likely. Such observations lead 
me to believe that some of the more rare taxa may be of 
fossil origin. The drained lakes and ponds of the drainage 
district probably hold a rich supply of fossil diatoms that 
may wash into the tiles and eventually into the ditches. 
In another context these old lake beds may even be a source 
of live specimens in the spring when they retain water 
temporarily, allowing the development of many components of 
an algal flora. 
The chemical data suggest that all of the so-called 
macronutrients are present in abundance and thus do not 
seem to be limiting the growth of diatoms. Micronutrients 
were not measured in this study but they could well have 
become limiting in various ways such as dilution, absorption, 
or through chelation at certain times of the year. 
The diatom community is constantly being grazed by 
protozoans, snails, insects, minnows, etc. and, during 
certain periods, the effects of grazing were quite notice­
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able. In particular, caddis fly larvae and snails appeared 
in great numbers on the diatometers during the spring and 
one could frequently observe areas on the slides that had 
been partially stripped of diatoms and other attached 
algae. 
Competition for space and light is probably of major 
importance in limiting the abundance of diatoms, particularly 
during periods of dense growth. When diatoms are most 
abundant every object in the ditch including rocks, sticks, 
and the diatometer itself is covered with a thick coating 
of diatoms. During such periods diatoms were even seen 
growing epiphytically on other diatoms. Those individuals 
at the center of such gelatinous communities are shaded by 
their neighbors above them to such an extent that light 
might become a limiting factor in very dense growths. It 
is not known how rapidly nutrients can diffuse through the 
gelatinous matrix of such colonies, but it is conceivable 
that nutrients could be limiting at the center of the 
community. Diatoms living at the outer surfaces of such 
communities are more exposed to grazers and current, both 
of which may help decrease the total number of cells in 
such populations. 
The community diving on the sandy bottom is limited to 
a great extent by current. During periods of rapid flow it 
was sparsely populated, but as the flow slowed down dense 
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benthic communities developed, particularly in the fall. 
They were seldom dense enough, however, to indicate a 
competition for light or space. Since the sand and silt 
particles are not a very suitable substrate for attachment 
and this community is composed largely of strictly motile 
forms, a spreading apart laterally would be an expected 
response to potential overcrowding. 
Competition between the filamentous green alga 
Rhizoclonium and diatoms was noted in the summer at station 
3. A mat of this green alga 5 to 10 cm thick completely 
covered the surface of the water at this station from 
August through September of 1969. Diatom communities under 
the mat vanished while similar communities in sections of 
the ditch free of this blanket of green algae were thriving. 
The Rhizoclonium however, provided a new habitat and as was 
discussed In the ecological section, epiphytes such as 
Cocconels flourished. 
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SUMMARY 
1. Weekly diatom samples were collected for a year from 
artificial substrates at three collecting stations that 
differed in levels of organic pollution. 
2. One hundred and eighty-three species and varieties were 
observed from 28 genera. 
3. A maximum in diatom density was observed at all three 
stations in the spring and early summer. The greatest 
6 2 density observed was 4.2 x 10 cells/cm . 
4. Macronutrients do not seem to be a limiting factor at 
any time during the year. Evidence concerning the 
availability of micronutrients was not obtained. 
5. Absolute densities in cells/cm are calculated for those 
taxa that appear in frequencies of 5 percent or more of 
the population. 
6. At the two stations closest to the outlet culverts the 
diatom communities are dominated by rheophilous species. 
7. A styrofoam substrate may have more of a tendency to 
collect nonliving diatoms than does a glass subtrate. 
8. A suitable substrate such as Rhlzoclonium was found to 
be Important for the establishment of large populations 
of Cocconeis. 
9. Nitzschla pa lea (Kiitz.) W. Sm., a taxon regarded by 
many as a pollution indicator organism, was observed 
in large numbers only at the station with the least 
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amount of organic enrichment. 
During periods of dense diatom growth the factors 
limiting the density were probably space and light. 
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APPENDIX 
Table 1. Weekly 500 valve diatom counts from station 1 
from May 9, 1969 to May 2 ,  1970. Missing dates 
indicate that no sample was collected on that 
date 
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Table 2. Weekly 500 valve diatom counts from station 2 from 
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N. cryptocephala 
r. terrestres 
N. — v. veneta 
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N. — V. cohnil 
N. nitrophlla 
N. pelliculosa 
38 52 79 117 39 24 
— — - — 2 4 
14 
N. pseudorelnhardii 
U) 
CD 
M 
UJ 
ro 
00 
ro 
U) 
ro 
o 
ro 
t-j 
O 
•Fr 
U) 
6/20/69 
6/27/69 
7/4/69 
7/11/69 
7/18/69 
7/25/69 
8/1/69 
8/8/69 
8/15/69 
8/22/69 
8/29/69 
ro 
ON 
vo U1 9/5/69 
Table 2. (Continued) 
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Table 2. (Continued) 
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G. parvulum 
Hantzschla amphloxys 
MelosIra varians 
N, capltata v. hungarlca 
N. cryptocephala 
f. terrestris 
N. — V. veneta 
N. cuspldata 
N. elglnensls 
N. exlgua v. capltata 
N. lanceolata 
N. menisculus 
N. — v. upsallensls 
N. minuscula 
N. mutlca 
N. — v. cohnll 
N. nltrophlla 
115 197 467 262 126 115 
Meridlon clrculare - -
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Table 2. (Continued) 
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N. tantula 
N. tripunctata 
N. vaucheriae 
N. viridula v. arguensis 
N. sp. #3 
N. sp. #4 
N. sp. #8 
Neidium affine 
N. bisulcatum 
Nltzschia accomodata 
N. amphibia 
N. dissipata 
N. fonticola 
N. linearis 
N. palea 
N. stagnorum 
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N. sp. #8 
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Table 2 .  (Cont inued) 
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Table 2. (Continued) 
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N. sp. #8 
Neidium affine 
N. bisulcatum 
Nitzschia accomodata 
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Table 2. (Continued) 
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Table 2. (Continued) 
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Plnnularla acrosphaerla 
L' breblssonll 
P. vlrldls 
Rhoicosphenia curvata 
Rhopalodla glbba 
Stauroneis borrlchll 
S. smith11 
SurIrelia angustata 
S. ovata 
S. — V .  plnnata 
Synedra ulna 
S. sp. #1 
1 - -
1 2 -
1 
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1 2 — — — — 
4 2 — — — — 
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Table 3. Weekly 500 valve diatom counts from station 3 from 
May 9, 1969 to May 2, 1970. Missing dates indicate 
that no sample was collected on that date 
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A. lanceolata - 1 4 I5 8 52 
A. — V. dubia - - - — 2 4 
A. mlnutisslma ------
Amphora ovalis v. pediculus ------
A. submontana ------
A. veneta ------
Calonels bacilimn ------
Cocconels pediculus ------
C_. placentula v. euglypta ------
C. - V. lineata —————— 
Cyclotella meneghinlana ------
Cymbella ventricosa - - - 2 - -
Eunoyla curvata 
Prustulla vulgaris - 1 - - 1 -
Gomphonema angustatum 348 89 156 52 62 315 
G. constrieturn - 1 _ _ _ 
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G. lanceolata v. insignis ------
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Table 3. (Continued) 
Achnanthes affinis 
A. lanceolata 
A. V .  dubia 
A. minutissima 
Amphora ovalis v. pediculus 
A. submontana 
A. veneta 
Caloneis bacillum 
Cocconeis pediculus 
Ç. placentula v. euglypta 
Ç. — V. lineata 
Cvclotella meneghiniana 
Cymbella ventricosa 
Eunoyia curvata 
Prustulia vulgaris 
Gomphonema angustatum 
G, constrictum 
G. insigne 
G. lanceolata v. insignis 
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Table 3. (Continued) 
o o o 
s s s < 
\ ^ \ 
-=!• -=1-  m 
Achnanthes afflnls - - - -
A, lanceolata 15 10 9 l6 
A, —V. dubia 2 3 ~ ~ 
A. mlnutlsslma - - - -
Amphora ovalls v. pedlculus - - - 1 
A. submont ana - - - -
A, veneta - - - -
Caloneis bacillum - - - -
Cocconeis pedlculus - - - -
Ç. placentula v. euglypta 1 - - -
Ç_. — V. lineata - - - -
Cyclotella meneghiniana - 2 - -
Cymbella ventricosa - - - -
Eunoyla curvata - - - -
Frustulla vulgaris - - - -
Gomphonema angustatum 283 321 258 198 
G. constrictum - 2 4 4 
G. insigne - - - -
G. lanceolata v. insignis - - - -
Table 3. (Continued) 
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Hantzschla amphloxys 
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M. varlans 
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V. terrestrls 
N. — V. veneta 
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N. menlsculus 
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N. minuscula 
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Table 3. (Continued) 
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N. elginensis 
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N, menisculus 
V. upsaliensis 
N. minuscula 
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Table 3. (Continued) 
V .  upsallensls 
N. minuscula 
N. mutlca 
N. nltrophlla 
0 o o 1 s s < < < ^ < 
-=F LFN 
G. montanum v. subclavata - - -
G. parvulum 93 70 84 49 
Hantzschla amphioxys - - -
Meloslra granulata - - -
M. varlans 2 - 1 
Merldlon circulare 75 7 14 11 
Navicula accomoda 1 - -
N. blconlca - - -
N. capitata v. hungarlca - - -
N. cryptocephala 
V. terrestris - - - i 
N. — V. veneta - 2 
N. cuspldata v. amblgua - - -
N. decussls - - -
N. elfflnensls - - -
"N. lance 0 la ta 2 - 1 -
N. menlscuius 
Table 3. (Continued) 
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Table 3. (Continued) 
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Table 3. (Continued) 
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N. odiosa — — — -
N. pelllculosa - 78-
N. pseudoreinhardii - - - -
N. pupula - - - -
N. seminulum v. intermedia - - - -
N « tantula — — — — 
N. tripunctata - - - -
N. vaucheriae - - - -
N. viridula v. arguensis - - - -
N, sp, ^ 3 — - — — 
N. sp. — — — — 
N. sp. •j^ 5 ~ — — — 
N « sp « 8^ — — — — 
Neldlum affine 
V. amphirynchus - - 2 -
Nitzschia accomodata 3 19 _ 4 
N. acicularis 1 6 2 1 
N. amphibia - 2 2 7 
N. apiculata 2 - - 2 
N. dissipata - - - -
N. fonticola - - - -
Table 3. (Continued) 
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N • IxUngarica — — — — — — 
N. linearis 2 12 33 84 134 1 
N. palea - 3 1 8 15 2 
N. s tagnorum ------
N. vermicularis ------
N « s p, j^ 8 — — — — — — 
N » sp « j^ 9 — — — — — — 
Rhoicosphenia curvata - - - - - 4 
Stauroneis smithii ------
Surirelia angustata 1 3 11-
S. iowensis - 1 1 - 1 
S. ova ta 1 12 15 11 12 4l 
S, v. pinna ta 2 - - - - 3 
Synedra acus ------
S. ulna 45 357 172 284 l64 6 
S. sp. #1 9 2 13 5 2 11 
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Table 3. (Continued) 
N. hungarica 
N. linearis 
N. palea 
N. stagnorum 
N. vermicularis 
N. sp. #8 
N. sp. #9 
Rhoicosphenia curvata 
Stauroneis smithii 
Surirelia angustata 
S. iowensis 
S_. ova ta 
S_. v. pinna ta 
Synedra acus 
S^ . ulna 
S. sp. #1 
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Table 3. (Continued) 
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N. hunpiarlca — — — -
N. linearis 3 7 41 52 
N. palea - -
-
-
N. s tagnorum - - - -
N. vermlcularls 1 - 7 -
N. sp. #8 - - - -
N. sp. #9 - - - -
Rholcosphenla curvata - - - -
Stauronels smithll - -
-
-
Surlrella angustata - 2 4 1 
S. lov/ensls 2 4 1 -
S. ovata 5 17 10 9 
S. V .  plnnata - 4 - 1 
Synedra acus 2 - 4 1 
S. ulna 3 r 42 128 
S. sp. #1 4 5 5 13 
